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INTRODUCTION 
It has been known for many years that soybeans (Glycine max (L,) 
Merrill) produce higher seed yields In narrow rows than in the traditional 
91 to 102-ca row spacing, especially in the northern soybean regions of 
the United States. These increased yields have been obtained with 
varieties selected for production in wide rows. Feasible methods of 
narrow row production are now available and it will only be a matter of 
time until farmers adopt narrow soybean production practices and will 
want varieties designed specifically for production in narrow rows. 
The breeder needs information on plant types best suited for narrow 
rows and on row spacing x lines interactions involved when yield testing 
lines in wide or narrow rows, 
Moraghan (1970) attempted to describe plant types desirable for 
wide row production and for narrow row production. However, lines 
in his study were from crosses that did not contain wide variation for 
plant type and two of his three crosses contained one unadapted low 
yielding parent. In contrast, the lines used in my experiment were 
randomly selected from crosses between adapted hl^ yielding parents. 
The primary purpose of the research reported in this dissertation 
was to determine what characters could be identified in lines grown 
In plant rows that relate to high seed yield in wide rows and narrow 
rows. Identification In plant rows would be desirable because limited 
seed from plant selections make it difficult to plant and evaluate lines 
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for seed yield in plant rows and especially in small narrow row plots. 
In order to accomplish the primary purpose, the experiment was 
designed and conducted, using two populations of randomly selected 
advanced soybean lines, to examine the following; environments x lines 
Interactions for seed yield and other plant characters| row spacings 
X lines Interactions for seed yieldi yield advantage of narrow rows; 
association of reproductive, canopy, plant, lesLflet, and seed characters 
with seed yield in wide rows and narrow rows; and the heritability of 
the reproductive, canopy, plant, leaflet, and seed characters. 
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LITERATURE REVIEW 
Increasing emphasis Is being placed upon breeding In a more 
specific way than In the past. Breeding toward a theoretical jdant 
model, by using morphological and physiological traits as indicators of 
seed yield, was suggested by Donald (I968), Frey (1970) predicted that 
breeding in a more definitive way may well become an important part of 
many breeding programs. If this method of breeding is to be successfhl, 
more knowledge concerning the inheritance of morphological and 
physiological traits and their effects on seed yield is needed. 
Breeding for Specific Management and Environmental Conditions 
Host jUaat breeding efforts toward the improvement of seed yield 
have been concerned either with the elimination of defects that may 
limit seed yield in existing genotypes or the selection of high 
yielding genotypes through conventional yield testing (Donald, 1962), 
The elimination of defects refers to breeding for disease and insect 
resistance, lodging resistance, different maturities. Improved 
characteristics for mechanical harvest, and the deletion of other 
undesirable characters present in existing genotypes. When selecting 
to improve yield, a breeder usually crosses hl^ yielding genotypes 
with other high yielding genotypes, or with genotypes that show good 
combining ability for yield. The treeder then selects the hi^iest 
yielders from th@ sogragating population, %i8 "bruts-forc®" method 
of breeding has proved vary successM. in improving yields la th© past. 
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Donald (1968) pcroposed that ]ù.ant breaders should bread in a more 
"positive" way, toward a theoretical model or "Ideotype" If agricultural 
productivity Is to achieve the maximum level possible. He used the 
ten "Ideotype" to describe model crop plants having characteristics 
that should be desirable ftom a physiological point of view. He noted 
that an Ideotype could vary according to management and environmental 
conditions, Wlggans (1939) really originated the Idea of Ideotypes 
in soybeans when he suggested that different managements were required 
for different soybeas types. He pointed out that large growing late 
maturing varieties require different intra- and inter-row i^ant 
spaclngs than do the small early maturing varieties for obtaining 
maximum sead yield. 
Donald (1968) suggested that a crop Ideotype is a plant that would 
make a minimum dmand on its resources per unit of dry matter produced 
and that it would be a weak competitor relative to its mass. He pro­
jected that this lack of competitiveness may lead to two negative re­
lationships# 1) between the performance of oultivars In low and high 
density plantings and 2) between the competitive ability of cultivars 
and their capacity for yield in pure culture. He suggested further 
the possibility of developing a new variety for a particular environment 
that is capable of greater seed yield than the variety it la to replace. 
The new variety would be of ouch a design aa to offer a reasonable chance 
that it could be bred from the available genetic material. Its develop­
ment would farther depend on the availability of sufficient information 
on the inheritance and effects of morphologieal and physiological 
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traits, adequate genetic diversity, and suitable breeding techniques. 
The usefulness of ideotype breeding is questioned by some people, 
Finlay (I969) claimed that hl^ yielding varieties can be obtained 
from a Hide ramge of plant types and that selection for a particular 
type merely decreases the amount of variability available, since there 
are only a small number of varieties showing the model characters. 
Donald (I968) also pointed out several disadvantages to the concept of 
ideotype breeding. First, the knowledge of plant physiology as related 
to yield may not be sufficient to allow for selection of important 
physiological and morphological traits. Secondly, by selecting for 
these characters, the breeding program may become limited and all the 
possibilities for improving yield may not be explored. Finally, the 
production of a hi^ yielding ideotype does not establish its uniqueness. 
Other genotypes could possibly yield as much or more than the one 
tested, 
Donald (I968) further suggested that the morphological and 
physiologieal characters most effective for increasing seed yield are 
not really known. Only a random combination of appropriate fiant char­
acters that affect yield can be incorporated into new varieties. If 
the physiological and morphological characters responsible for 
increasing yield were known, selection for these characters could be 
practiced. As a result of combining the appropriate plant characters 
into on® genotype, greater progress should be made in a breeding program. 
Although many physiological and biochesalcal functions mre not well 
und@rsto@dg many plant simulation models have bam constructed to aid 
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in our understanding of different plant growth systeas. Willlama and 
Soong (1967) and Duncan et al, (I967) developed plant leaflet size and 
orientation simulation models to help in understanding light pene­
tration and photosynthesis in plant communities. 
Much use is being made of computers in the simulation of models 
for studying biological responses in soybeans (Egli, 1971) and in com 
(Lemon, Stewartg and Shawcroft, 1971). Constant cycling of model 
building and basic research is needed for càntinuous improvement in 
yield. There are many variables that must be included in a complete 
production model. With continued effort, models will be improved and 
become more valuable as a research tool. Models eventually should 
enable the plant breeder to develop superior varieties to fit specific 
management and environmental situations. 
Indicators of Seed Yield 
Many investigations have examined the relationships of repro­
ductive and mojri^ological characters with seed yield. The relative 
phenotypic expression among the lines for many characters is influenced 
much less by the environment than is seed yield. Therefore, it would 
be desirable to use certain characters that are associated with hi@^ 
seed yield as indicators of yield (Johnson, I96O; Johnson, Robinson, 
and Comstock, 1955b). 
Woodworth (1933) and Weatharspoon and Wentz (193^) found that 
different varieties or strains of soybeans differed appreciably for 
many of the characters they measure. Simple^ genotypiCg and phenotypio 
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correlations have been used to indicate the relationship between eco­
nomically important and unimportant characters in different soybean 
lines in hopes of uncovering useful yield indicators (Johnson et al,, 
1955b), Since genotypio correlations are relatively unaffected by 
environment, in most instances they tend to be hi^er than corresponding 
phenotypic correlations (Weber and Moorthy, 1952; Johnson et al., 
1955a; Bartley, I95O; Weber, 1950)» Correlations between indicator 
characters and those of major economic importance, mainly yield, 
must be in the same direction in different populations if selection 
for yield indicators is to be of value* %e data currently indicate 
that few characters in soybeans meet these criteria (Hanson and Weber, 
1962). 
Associations among agronomic characters and seed yield in wide 
rows has been studied by many scientists. Moorthy (1950), and Weber and 
Moorthy (1952), found substantial positive correlations of yield with 
maturity, height, and seed wei^t, Kalton (1948) reported Rlmilmr 
results, citing a hl^y significant positive association of yield 
with lateness of maturity. More recent studies with soybeans show 
similar results from correlations between yield and other agronomic 
characters (Martin and Wilcox, 1971; Gopanl and Kabaria, 1970), 
Reproductive traits have served as the primary source of possible 
yield Indicators in the past, but more recently increased attention has 
been given to certain morphological oharacters. Two of these characters 
are canopy rating and specific leaf weight (Mora#anp 1970). Canopy 
rating prevides aa estimate ©f light ponstmtion Into the canopy. It 
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reflects a combination of stem-petiole an^e, leaflet an^e, and leaflet 
size. These characteristics are thou^t to affect the efficiency of 
light interception and photosynthesis ty the soybean plant. Largo leaf­
lets, large stem-petiole an^e, horizontal leaflets, and shallow light 
penetration into the canopy, represents a "closed" canopy. If plants 
have small leaflets, small stem-petiole an^e, vertical leaflets, and 
deep light penetration, the canopy is considered "open". The soybean 
variety Wayne represents a closed canopy type and the variety Hark is an 
example of an open canopy, 
Ll^t eatvring the soybean canopy often exceeds the Intensity of 
108*000 lux (Donald, 1962) • Bëhning and Bomslde (1956),Kriede«an, 
Nemlea, and Aahton (1964), Curtis, Ogren, and Hageaan (I969), and Bnm 
and Cooper (I967) reported that a sin^e soybean leaf ie light saturated 
at approximat^y 22,000 to 43,000 lux. Beuerlein and Pendleton (1971), 
woridLng with individual leaves under field conditions, reported that 
leaves do not become saturated until light intensity reaches 108,000 lux. 
When leaves are considered together in a crop canopy, their 
productivity is highly dependent upon their relationship to other leaves, 
Sakamoto and Shaw (1967a) reported that a soybean canopy becomes light 
saturated at about 65,000 to 70,000 lux during initial flowering and 
about 59,000 lux during pod formation and pod filling. As the soybean 
plant proceeds from pod filling toward maturity, the intensity of light 
necessary for saturation drops drastically. Kumura (I965) noted that 
llg^ t sataratiea of a moybmn canopy d®p©nd^  upon l®af area index 
(Làï) aad the orientation ©f •Mi® leaves. At low LAIg leas light latoa-
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8lty KM BMdad to maturate the canopy. When ll^t is predominately 
iateroepted ty the outer p«ri]^exy of the canopy, a large amount of 
self-shading exists* This indicates that many of the lower leaves 
are receiving inadequate solar radiation (Sakamoto and Shaw, 1967b). 
During pod filling, when light is intercepted by the outer periphery 
of the canopy, there is a downward translocation of assimilates to the 
lower nodes from the upper part of the soybean ^ ant (Koller, 1971). 
Johnston and Pendleton (1968) demonstrated this ^ enomenon ty removing 
leaves from the lower, middle and upper one-third of different soybean 
plants. They observed a reduction in seed yield from the portion defo­
liated as well as in the other portions of the plant, 
Shaw and Weber (I967) reported yield to be correlated positively 
with both the amount of leaf area and the canopy volume illuminated 
above the compensation point, Johnston et al, (1969) added lifght to the 
lower, middle, and upper one-third of the soybean plant canopy. Yields 
increased 30%» 20$, and 2%, respectively. If an open canopy occurred, 
light would reach the middle and lower leaves and a more efficient 
system should result. Upper leaves are thought to be most efficient 
at intensities vaHl below that of fhll sunli^t. Efficiency of a 
soybean canopy can be increased by increasing the amount of light that 
passes throu^ to the lower leaves of the ]^ant canopy (Williams and 
Soong, 1967). Lower leaves of the soybean plant canopy could then 
produce enough assimilates for seed production at the lower nodes of 
the î^anto The upper portion of the canopy could then produce assiiai-
late® only for seed setting and jKîd filling at the uppar nodes 
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(Kollar, 1971). 
One way that favorable light energy distribution can be attained 
la by having leaflets oriented vertically toward the sun, Donald (1963) 
and Wilson (I96O) reported that higher yields were obtained in pasture 
plants with upright leaves. In soybeans, a small amount of lodging 
caused more favorable leaf arrangement and thus better ll^t penetration 
(Shaw and Weber, 196?), In lodged plants more leaf area was exposed to 
direct sunlight and seed yield was increased« 
Greer and Anderson (19^5)» Bauer, Sherbeck, and Ohlrogge (I969), 
Clapp (1971)» and Hicks, Pendleton, and Scott (1967a) were »ble to 
Increase seed yield in soybeans with the application of 2, 3* 5-trilodo-
benzolc acid (TIBA), Presumably, part of the increase was due to the 
antiauxin's effect of opening the canopy. The effect of an open canopy 
is not conclusive in TIM studies, however. Burton and Curley (I966), 
Hicks, Pendleton, Bernard, and Johnston (1967b), and Wax and Pendleton 
(1968) failed to show a yield response in their studies. One 
possible explanation for inconsistent results concerning open canopy 
types is that leaf are# must be considered in estimating the efficiency 
of plant canopies (Nichiporovich, I96I). Montelth (I969) expressed 
the opinion that j^otosynthetic rates in mature stands are not affected 
much by leaf angle if the LAI is between ^  and 8, Pendleton et al. 
(1968) reported a yield Increase of 1^ when the upper leaves of com 
plants grown in a narrow row spacing were supported to give thesa an 
erect posture. Duncan (1971) reported that differences in Imf ang^e 
were predicted by computer simulation to have only small effects on 
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canopy photosynthesis rates In com for LAI of less than 3« Other 
studies using models have shown photosynthetic efficiency to be greater 
with more erect leaves in hlf^ LAI situations (Anderson and Denmead, 
19691 Duncan et al,, I9671 de Wit, I969)# 
In soybeans, open canopy types generally are not as tall and bushy 
as the large-leaved closed canopy types. In wide rows, the open canopy 
types do not always yield as well as the closed canopy types. Open 
canopy lines seem more responsive to narrow rows than closed canopy, 
wide profile soybean lines (Shibles and Green, I969). Hora^an (1970) 
reported that lines with open canopies had greater yield responses to 
narrow-row production than did the closed canopy types. Poll light 
interception must be attained by the beginning of the fruiting period 
to achieve maximum seed yield (Shibles and Weber, I966). 
Besides leaflet size and orientation, specific leaf wel^t is 
important as an Indicator of seed yield. Specific leaf wel^t, or leaf 
dry-wei^t-per-unit-area, was shown to have a large positive 
correlation with dry matter production in alfalfa (Pearce et al,, 
1969)* In soybeans, hl^ specific leaf weight of a leaf generally 
has been associated significantly with high leaf net photosynthesis 
(Domhoff and Shibles, 1970; Domhoff, 1971; Domhoff, I969). In most 
of the 20 varieties Domhoff (I969) tested, yield was associated 
positively with not photosynthesis, but there were exceptions. This 
indicates that other factors are Involved in the determination of 
3ri©lde It s©eas that canopy rating and specific leaf wel^tj, if used 
in combination %lth full light interception by the beginning of the 
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fruiting stage, would be a good combination of traits for predicting 
hi^ yields. 
Much mi^iasis has been placed on lodging resistance in soybean 
breeding programs. Severe natural lodging has been reported to generally 
decrease seed yield (Cooper, I97la; Cooper, 1971b; Weber and Fehr, 1966; 
Johnston and Pendleton, 1968), The prevention of natural lodging, 
reported by Weber and Fdir (I966), tended to increase seed number, bat 
decrease seed size. The final result was an increase in yield of 
Cooper (1971a) reported similar results. When lodging occurred at 
early pod stage, a decrease in seed yield between 21^ and resulted. 
Lodging has a hig^ positive correlation with plant height (Weiss, 
Weber and Kalton, 1947; Johnson and Bernard, I962) and i^anting rate 
(Weber, ShibLes, and Byth, I966), Short soybean plant types cou^^ed 
with lower seeding rates should, therefore, decrease lodging. Also, 
an increase in seed yield throu^ increased seeding rate and using 
narrow rows may be prevented by lodging during early pod stage 
(Cooper, 1971b). 
Since lodging usually is greater with increased plant hei^t, 
plants axe taller with lateness of maturity (Johnson and Bernard, 1962; 
Weiss et al,, 1947), and yield is greater with lateness of maturity, 
(Moorthy, 1950; Weber and Moorthy, 1952; Kalton, 1948; Martin and Wilcox, 
1971 ; Gopani and Kabaria, 1970) problaas in producing a hlg^i yielding 
short, early variety may result. In northern latitudes, where early 
saaturiag varieties ar© a necessltyg the negative corrélation between 
h@i^t and ©srllasss and the positive correlation between height ©nd 
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seed yield indicate limitations to increasing yield (Johnson and 
Bernard, 1962), Leffel (I96I) suggests that since the interaction of 
lodging with seed yidd is so eomidex, breeders should concentrate upon 
increasing vomMae harvestable seed yields. 
Heritability and Expected Genetic Advance 
If breeders are to use morj^ological and physiological characters 
as a means of breeding for improved seed yield, a knowledge of the in­
heritance of these characters is Important. If characters are qualita­
tively inherited, breeding for then is relatively stral^t forward. If 
a character is quantitatively inherited, another concept, heritability, 
has to be considered, 
Heritability has been defined in many ways. Lush (19^5) defined 
heritability as the ratio of genetic variance to total variance in a 
population# lush's concept has been used as an important breeding 
tool in emta&l breeding. Heritability estimates have value for 
estimating the amount of genetic progress that can be made in a 
particular population if selection is practiced on phenotypic values 
(Johnson, I96O; Jones and Prey, i960). 
Lush (19^) defined heritability in both the broad and narrow 
sense, Heritability in the broad sense is equal to 
"1*4 
3hep@ 9q sad are total gmaetic and @nvir@ns@nt@l variance, 
reapeotivaly. Broad aemae heritability indicates the pereemtage of 
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the total variation among plants of a population that la due to genetic 
factors. The remaining variation Is due to environmental factors. 
Broad sense horltabillty Is not a completely realistic parameter 
since total genetic variance Includes dominance variation and eplstatlc 
dominance variation that are not retained ty selection. A more useful 
estimate, narrow sense herltablllty, Is 
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where Is additive genetic variance. Narrow sense herltatlllty 
represents the percentage of the total variation among plants that Is 
due to the additive portion of the genetic variation. Therefore, It 
more accurately describes transmlssablllty of a trait to the progeny. 
Broad and narrow sense heritablllty indicate comi0.etely different 
aspects of heritablllty and tend to be negatively correlated 
(Kempthome, 1957) • Broad sense heritablllty quantifies the relative 
Importance of the genetic component to the environmental component in 
determining variation among phenotypes. It estimates the probability 
that progenies of selected plants will differ from each other. Narrow 
sense heritablllty estimates the accuracy with which the mean of a 
selected plant predicts the mean performance of its progeny. 
Advance due to selection depends on both the potential for selected 
progenies to differ and the ability to predict the progeny performance 
(Wallaces Oaban, and Hunger, 1972), The distinction between broad and 
narrow sense heritablllty is of thsoratical iaportane©^  Mt in practice 
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the large standard errors associated with either of these estimates 
limit their value (Sprague, 1966), 
The concept of herltability is relatively str&l^t forward, tut 
many problems arise when the definition is applied to lAant breeding 
situations. In animals, the Individual normally is the unit of 
reference, both in the evaluation and selection programs. Heritabllity 
estimates obtained under similar management conditions within a given 
class of livestock are comparable and provide an accurate guide to the 
expected progress from selection (Sprague, 1966). 
In plants, like animals, the unit of selection may be a single 
entity, but it may also be a group of plants (a plot), a group of plots 
under one set of environmental conditions, or a group of plots grown 
under two or more environments. Heritabllity estimates may differ 
greatly under each of these situations, and comparisons among the 
values can become misleading. 
Hanson (1962) modified Lush's definition of heritabllity to rid it 
of reference unit ambiguity. Heritabllity, according to Hanson (I962), 
Is the fraction of the phenotypic variability for a defined reference 
unit expected to be transmitted to the progeny. This estimate 
generally is referred to as heritabllity on a per plot basis. Since 
a plot is a family of individuals, he questioned if this concept of 
heritabllity is the same as originally defined, Hanson (I962), trying 
to eliminate reference unit problems in describing heritabllity, 
(suggest@d defining it In terms of selection concepts. He suggested 
that heritabllity should b@ defined as th® fraction of the selection 
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differential expected to te gained when selection is practiced on a 
defined reference unit, 
Heritability can be estimated by a number of methods. The 
variance componmt method and the parent-offspring regression method 
probably are used the most. In the past the variance component method 
has been used mainly ty plant breeders. This method became more useful 
when Homer and Weber (1956) defined genetic variances and covariances 
for finite populations in a self-pollinated species. Previously, 
genetic variances and covariances were based on infinite populations. 
The new definition of genetic variance and eovariance allowed breeders 
to obtain a meaningful relationship between genotypic variance and 
eovariance components of the sample and genotypic variances and 
covariances of the total population, 
Hinson and Hanson (1962) encountered another problem in using the 
variance component méthode The estimate of genetic variance, based on 
variability «mong isi^lvlduzl proved to be very inaccurate when 
inter-plant competition existed. This emphasized the value of a method 
developed earlier by Warner (1952). His method has the advantage of 
not requiring an estimate of environmental or total genetic variance. 
The total within population variances and additive genetic variance are 
the only parameters needed to calculate heritability. 
Although the parent-offspring regression method of estimating 
heritability has not been used as extensively in plant breeding as in 
animal brssiingg it has been used a great d©al by plant breeders « In 
a ero3s=-pollinating speeiesj, heritability is to twice the re&res-
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sion coefficient. In self-polllnatlng apecles, herlt&blllty generally 
Is considered equal to the regression coefficient even when some 
variability dne to dominance and eplstasls exists (Hanson, I962), The 
regression coefficient Is sometimes a biased estimator of herltaMllty, 
Estimates of greater than 1,0 may be obtained If genotype by environment 
(g X e) interactions associated with an expansion of the phenotypic 
scale between generations occurs. Downward bias occurs when there Is 
a contraction of the phenotypic scale (Hanson, 19621 Lush, 1940), 
Prey and Homer (1957) developed the standard unit or correlation 
method to eliminate some of the effects of environment from year to year. 
By expressing phenotypic values in standard units some of the genotype 
hy environment interactions are removed and estimates greater than 1,0 
are eliminated. 
Not only do variations in estimates of heritabllity arise due to 
the method of estimation, but variations arise because of the differences 
in generation, number of environments, and number of replications used 
in the calculations. Judgement must be practiced when evaluating 
herltabllltles derived from experiments that are dissimilar in these 
respects (Hanson, I962), Although the absolute values of heritabllity 
from an experiment may not be directly comparable to another, the 
relative magnitude of the herltabllitles as compared to yield within 
each experiment can be compared, Hanson (I962) classified seed yield, 
lodging, height, maturity, and seed size with respect to heritabllity. 
They were in the order sei^ yield less than lodging less than height, 
maturityg and seed size. 
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The importance of heritaUlity in terms of selection is reflected 
in genetic advance. Genetic advance, that could be gained throng selec­
tion, originally was thonght to be a Amotion of herit&Mlity alone 
(Johnson and Betmaxd, 1962) Bartley and Weber, 1952). A combination 
of both heritatllity and genetic variability within the population is 
needed to determine expected progress from seleotion (Johnson et al,, 
1955»! Jones and Prey, I960), Genetic variability was included 
becaase little genetic advance can be realised when variability existing 
in a population is small. Even with hi^ heritability estimates, little 
genetic advance from seleotion can be made when there is no variability 
(Jones and Arey, i960). Expected genetic advance (aG) according to 
Hanson (1962) is 
o| 
AG » s( 5—)o_ 
o y 
y 
2 irtiere s is the selection differential, o^. is the additive genetic vari-
2  2 / 2  
ability, and G_ the total variability on a per plot basis. Since oja^ y ® y 
is narrow sense heritability, expected genetic advance can be expressed 
as 
AG " s(H)o—, 
This expression of expected genetic advance can be modified to express 
gain per unit timet 
G - (f)HD, 
G is the predicted gain on a per year basis, c, y, H, and D are 
parental control faetoTg years par oyela of ©©lectioag hoiritability on 
a per plot Msiisg and solection difforeatlal (Y - X)a la the mean 
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of th« Bolootod «ntrlea «ad X is the grand mean (Dnrrah, EbeAart, and 
Penny, 1972). Selection methoda can be compared to determine which is 
beat on a per year baaia. 
The ideotype approach to plant breeding ia atiU in ita infancy. 
Aa we learn more about the phyaiological baaia for seed yield, the more 
attractive and efficient thla approach will become. Although we know 
little about the nature of this complex character, seed yield, scientists 
are making aignlflcant progreas. When a physiological trait la found to 
be associated with seed yield, much work still has to be done. Most 
physiological characters are too complex to measure quickly and 
accurately In the field. Therefore, it usually Is desirable to find 
another character that is more easily measured to use as an indicator 
in screening the genetic material. This character must be highly 
correlated with the physiological trait, "nircu#* screening of the 
genetic material, the amount of genetic variability can be determined. 
Inheritance of the indicator character has to be studied to determine 
its herltabillty relative to seed yield. With this knowledge of 
genetic variability and herltabillty, it can be determined if selection 
based on the indicator character would be more efficient than 
selection on seed yield alone. 
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MATERIALS AND METHODS 
Genetic Material 
The genetic material used In this study consisted of the 
throng Fg generation of soybean lines, Glycine max (L.) Merrill, from 
•Hark* X 'Provar* (AX418) and Hark x 'Wayne* (AX419) varietal crosses. 
Hark, Provar, and Wayne are of maturity groups I, II, and III, 
respectively. Their parentage Is traced in Figure 1, 
Hark 
'Mukden' 
Hawkeye 
Richland 
'Ottawa Mandarin 
Harosoy 
A. K. (Harrow)' 
Harosoy 
'Mandarin* 
Provar •Lincoln* 2 X X 
'dark' X 'Manchu' 
Richland 
Figure 16 Parentage of Hark, Provar, and Wayne 
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Wayne 
L49-4091 
Lincoln 
Richland 
Lincoln 
Clark 
Figure 1, (continued) 
In 1964, crosses of Hark x Provar, Hark x Wayne, Corsoy x Porvar, 
Corsoy x Wayne, Amsoy x Provar, and Ansoy x Wayne were made, Itie pod-balk 
method, harvesting one two-seeded pod per plant, was used to advance 
from the throng the Fj|^ generations. In I969, the F^ generation, 
approximately 160 random plants were harvested and threshed separately 
from each cross. Seed planted in 1970-73 was from the previous year's 
balk harvest of each F^ derived line. In 1970 approximately I60 lines 
from each of the 6 crosses were grown. Since the Hark x Provar and Hark 
X Wayne crosses exhibited the greatest variability for canopy ratings of 
light penetration and leaflet size measurements, it was decided to work 
only with these crosses. 100 lines were selected randomly in each of 
the two crosses for use in 1971-730 
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Field Plot Technique 
The experiment In 1970 wais a randomized split plot design. The 
split was on crosses with lines randomized within each cross* Each 
line was planted in a row approximately 2 meters long in each of 2 
replicates, with rows spaced at 102-cm Intervals, In I97I throu^ 
1973» the experiment was planted in a randomized split-split plot 
design. The first split was on row spacings, the second on crosses. 
Lines were randomized within each cross. Plots in row spacing 1 
(narrow rows) consisted of five rows spaced 30.5"cn apart. Plot length 
was 4,8 m and the population was about 431*000 plants per hectare. 
Plots in row spewing 2 (wide rows) consisted of three rows 4,8 m in 
length and 102-cm apart with a population density of aliout 309»000 
plants per hectare. In both row spacings the outer-most rows served 
as border, Whenever plots were harvested for seed yield, they were 
2 trimmed so that 3,9 m were harvested. 
Table 1 lists the desired number of plants per meter of row and 
the actual planting rates in both row spacings necessary to achieve the 
desired population levels. Actual seeding rates were increased over 
the desired population to compensate for germination and seedling 
emergence losses. 
Table 1, Planting Rates for 1970-1973, 
Row Spacing Population Number/meter of row 
(plants/hectare) Desired population Seed planted 
1 (30,5 cm) 431,000 16.5 23,0 
2 (102 cm) 309,000 29.5 39,5 
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Tko locations were used during the course of the study, the Bruner 
Fans and the Liebo Farm, The Bruner Farm is located about 10 kllometera 
west and 1 kilometer south of Ames, Iowa, and the Llebo Farm is located 
approximately 4 kilometers north of the Bruner Farm. Both farms are 
located in the dmrlon-Nlcollet-Webster soil association. In each year 
the experiment was blocked in a manner to contain each replicate on a 
relatively homogeneous soil type. Fertilizer, applied at the rate of 
112-63-121 kilograms per hectare of elemental N-P-K, was plowed down the 
previous fall for each year's experiment except on the Liebo Farm. 
Fertilizer was applied and plowed down at this location in the spring. 
The experiment was grown at one location in 1970, 1971, and 1972, 
and two locations in 1973. In 1970, the experiment was planted on the 
Bruner Farm on May 21. In 1971, the experiment was again planted on the 
Bruner Farm, but on May 11 and 12. The experiment in 1972 was planted on 
May 10 and 11 on the Bruner Farm. The experiment in 1973 was planted on 
May 17 and 18 on the Bruner Farm and on May 24 on the Liebo Farm, 
A severe wind storm accompanied by rain and hall occurred on July 8, 
1971, causing severe lodging, stem breaking, defoliation and stem 
bruising. In 1972, a less severe rain, wind, and hail storm occurred, 
but damage was severe enough to raise doubts about the validity of the 
1972 data. Therefore, the 1971 and 1972 data will not be presented or 
discussed. 
In each year weed control began with preplant incorporation of the 
herbicide Treflan, The wide row plots usually were weeded twice per 
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season, Baoh weeding Included a tractor cultivation followed ty Intra-
row weeding ty hand. Spot hand weeding was practiced throughout the 
rest of the season. Since we did not have access to narrow row tractor 
cultivation equipment, the weeding in narrow rows was done entirely 
by hand. The hand weeding was done at approximately the same time that 
plots under the wide row management were cultivated. 
Measurements 
The data recorded were grouped Into 5 general categoriesi repro­
ductive, leaflet; canopy, plant, and seed mea<"iurements, Aa stated 
previously, the main purpose of this study was to determine the relation­
ship between reproductive and morphological characters that a breeder 
could measure In lùLant rows grown at 102-cm spacing» and seed yield In 
rows spaced 30,5-cm apart. For this reason, the only measurements 
recorded on the narrow row spacing were seed size and seed yield. Table 
2 lists the characters that were measured in the different years. In 
1970, only replicated plant rows at the wide row spacing were grown, 
therefore, no seed yield or seed size measurements on the narrow rows 
were obtained. 
All reproductive characters except reproductive period and seed 
filling period were recorded as days from May 31 (June 1 • 1), 
Beginning bloom (BB) is the reproductive stage in which of the plants 
in the yield row of a plot have at least one flower. Beginning seed-
filling (BS) is the stag© where $0^ of the plants in the yield row 
have seeds beginning to incroas© noticeably in size. Physiological raatu-
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Table 2, Soybean characters measured. 
Category and Measurements Abbreviation Years Recorded 
Î97Ô 
Reproductive 
Beginning bloom 
Beginning seed-filling 
Physiological maturity 
Harvest maturity 
Reproductive period 
Seed-filling period 
BB 
BS 
PM 
HK 
PMBB 
PMBS 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
2, Canow 
Canopy height 
Canopy width 
Early lodging 
Canopy rating early 
•Janopy rating late 
CHT 
CWD 
LDGl 
CRl 
CR2 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
3. Leaflet 
Leaflet area funifoliolate) LAI 
Leaflet area (BB) LA2 
Leaflet area (mid seed) LA3 
Leaflet weight (unifoliolate) LWl 
Leaflet weight (BB) LW2 
Leaflet weight (mid seed) LW3 
Specific leaf weight (unifoliolate) SLWl 
Specific leaf weight (BB) SLW2 
Specific leaf weight (mid seed) SLW3 
4, Plant 
Plant height PHT 
Plant lodging LDG2 
5t Seed 
Seed size (30«5~centiaetar rows) SS12 
Seed size (102-centimeter rows) SS40 
Seed yield (30.5-centimeter rows) YD12 
Seed yield (102-centimeter rows) YD4Q 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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rlty (PM) marks the end of the active growing period. Very little, if any, 
dry matter is accumulated after this stage. Physiological maturity 
occurs when 10^ of the pods turn yellow. Harvest maturity (HM) is 
reached when 95^ of the pods have turned brown. Plots were checked 
every 2 or 3 days, thus differences of 1 day in reproductive data were 
easily observed. Length of the reproductive period (PMBB) was 
calculated as the difference between the dates of physiological 
maturity and beginning bloom. Length of the seed-filling period (PUBS ) is 
the difference between physiological maturity and beginning seed-filling. 
Canopy height (CHT) and canopy width (CWD) were measured by i^acing 
a square grid board, marked every 10 cm, at one end of the plot. Average 
height and width could be determined by sighting from the other end of 
the yield row. Canopy height was measured in on from the ground to the 
average height of the canopy. Canopy width was measured by the average 
total distance in cm of the horizontal spread of the canopy. Canopy height 
and width were recorded at the same time, at approximately beginning 
seed-filling stage. Early lodging (LDGl) was rated visually on a 1,0 
to 5*0 scale, 1.0 indicating that all plants in the yield row were 
erect and 5.0 indicating that all were prostrate. Early lodging was 
recorded at the time when lodging occurred. Canopy rating early (GRl) 
was a subjective visual rating made at approximately beginning bloom 
stage as to the "openness" of the canopy. Leaflet size, stem-petiole 
an^e, leaflet an^e, and degree of light penetration were the prliaary 
factors considered. Large leaflets, large stea-petiole angg.e, 
horizontal leaflets, and shallow light penetration into the canopy» 
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represents a "closed" canopy. An example of a closed eanopy is the 
variety Wayne. If a canopy has snail leaflets, small stem-petiole 
ang^e, vertical leaflets, and deep light penetration, then the canopy 
is considered an open canopy. The variety Hark is considered to have 
an open canopy. Each plot was rated on a 1.0 to 5,0 scale, 1,0 being 
an open and 5,0 being a closed canopy. Canopy rating late (CR2) was 
made at mid seed stage in the sane manner as canopy rating early. 
Canopy rating is a fast, relatively accurate, way of characterizing large 
numbers of genotypes for canopy type, Moraghan (1970) found that the 
subjective canopy rating was highly correlated with leaflet area. In his 
work, leaflet size tended to be the main criteria for canopy rating and 
lines with small leaflets tended to have relatively more open canopies. 
Leaflet samples were harvested three times during the growing season* 
unifoliolate stage, beginning bloom, and mid seed-filling. At the 
unifoliolate stage, one unifoliolate leaflet was harvested from each of 
10 plants selected at random from each plot. Leaves were harvested frcna 
each of 10 plants selected at random from each plot. Leaves were 
harvested from the border rows to prevent any stunting of the yield row. 
For the second and third leaflet sampling, the terminal leaflet of the 
fourth trifoliolate leaf from the top was removed, A trifoliolate 
was counted when the leaflet margins were separated. The fourth 
trifoliolate was deemed the most recent fully-expanded leaf. Ten 
leaflets within the yield row of each plot were selected randomly 
for harvest, 
7n® sampled leaflets were placed in a plastic bag containing a 
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dampened paper towel. The plastic tegs were placed temporarily in an 
ice chest in the field, and then were stored at approximately 7®C in a 
walk-in cooler. Samples were stored for at least 12 hours to insure 
uniform turgidity. Total leaflet areas were measured in 1970, 1971, and 
1972, using a Paton Electronic Li^t Planimeter, In 1973» an optical 
light planimeter, described by Shibles and Weber (I965), was used. 
Leaflets were measured in cm to the nearest 0.1, 
After leaflet area was measured, the leaflets were dried in a 180° C 
oven for a minimum of 24 hours. They were then weired to the nearest 
0,001 gra on a Metier one pan balance. From the area and wei^t measure­
ments, specific leaf wei^t (SLW) in grams per dm^ was calculated. 
Specific leaf weight is leaflet weight divided by the corresponding 
leaflet area, Domhoff and Shibles (1970) showed a positive correlation 
between specific leaf weight and net photosynthesis in several soybean 
varieties. 
At the time of harvest maturity, plant lodging (LDG2) and plant 
height (PHT) of each plot was determined. Lodging was estimated as the 
average for plants in the yield row and scored on a 1,0 to 5*0 basis to the 
nearest 0,2 (1,0 • vertical, 5.0 - prostrate). Plant height in cm wais 
determined by averaging approximately 5 plants per plot in the yield row. 
The harvested soybean seed was adjr dried to a uniform moisture and 
cleaned to remove all foreign material. Total weight per plot was con­
verted to kilograms per hectare. Two 100-seed samples were taken, 
combined, and then weired to the nearest 0«0i gram» The weight weis then 
divided by 2 to determine seed size as grams per 100 seedss Seed sis® 
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and seed yield In both narrow (SS12 and YD12) and wide (33^0 and YD40) 
rows were recorded in the years when toth row spaeings were harvested. 
Statistical Analysis 
Analyses were performed on the charaicters that were deemed most 
important either agronomically or biologically. The characters 
analyzed included# physiological maturity (PM), reproductive period 
(PMBB), early lodging (LDGl), canopy rating late (GR2), plant height 
(PHT), leaflet area at beginning bloom (LA2), specific leaf weight at 
beginning bloom (SLW2), seed size in wide and narrow rows (SS40 and SS12, 
respectively), and seed yield in wide and narrow rows (YD40 and YD12, 
respectively)• 
Since all characters except seed size and seed yield were measured 
in wide rows only, the analyses for these characters were done as a 
randomized complete block design. Crosses were analyzed separately, 
therefore crosses are not included in the model. The experiment was 
replicated twice in each of three environments. The analysis of 
variance modd used was 
^ijk " u + a^ + (ab)^j + cjç + aj^gjç + 
u is the overall character mean. A, B, C, and E represent environments, 
replications, lines, and error, respectively. All effects were 
considered random. 
Seed size and seed yield were measured in both row spaeings. 
Thus, the analysis for these eharaeters was performed as a randomlzM 
split-split plot design, Environsonts were the main plotsg row 
30 
spacings the sab-plotE, and lines the sub-sub-plots. The experiment 
was replicated In two environments. Only plant rows were grown In 1970, 
thus no data Is available on seed yield In either row spacing or seed 
size In narrow rows for that year. Row spacing was considered a fixed 
effect while all other effects were considered random. The model 
used In the analysis was 
^ijkl " u+a^+(ab)ij+cp^+agj^;g+ej, 
u Is the overall mean of a character. A, B, C, D, and E represent 
effects due to environments, replications, row spacings, lines, and 
error, respectively, F tests were performed according to Snedecor and 
Cochran (196?) to determine significant variation. 
Analyses of variance and covariance were performed within each 
environment and cross for determining estimates of phenotyplc and 
genotypic correlations. The data were analyzed in accordance with 
procedures for a randomized complete block design containing two 
replicates. The model used was 
ylj " * + ai + bj + 
u is the overall character mean, A is the replication effect, B is the 
effect due to lines, and E represents the error. All effects were 
considered random. 
From the within environment analyses of variance and covariance, 
phenotyplc and genotypic correlations were calculated In the following 
manners 
mîîij^2 
Phenotyplc correlation (r . ) ^ -——" 
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mpl.g - mpe.2 
Genotyple correlation (r ) - * 
® v(mslj^ - mse^i) • ^ (mslgg - mse^g) 
MPLj^g the mean product for lines of character 1 with character 2, 
M S L ^ ^  a n d  M S L ^ g  a r e  t h e  m e a n  s q u a r e s  f o r  l i n e s  o f  c h a r a c t e r s  1  a n d  2 ,  
respectively, MPE^g, MSE^^, and MSB^g aire the corresponding error 
terms. The resultant differences, MPL^g - MPE^g, MSL^^ - MSE^^, and 
MSLgg " MSEgg are estimates of the respective line cross-product 
component and variance components. 
The correlations between physiological maturity and other characters 
were hi^ (see Results), To stratify the effect of maturity, each cross 
within each environment was divided into five equal maturity groups. 
Cross AX418 on the Bruner Farm was divided into maturity groups of 7,0 
days each over the total range for the cross of 80,5 to 115.5 days. 
Groups 1 through 5 contained 15» 22, 28, 23» and 12 lines, respectively. 
The five maturity groups of 7.0 days each across the range of 84.5 to 
120.0 days for cross AX418 on the Lieho Farm contained 16, 20, 6, 38, 
and 20 lines. Locations of cross AX419 had 5.0 days and 4,5 days in 
each maturity group for the Bruner and Lie"bo Farms, respectively. The 
Bruner Farm had 16, 29» 22, 16, and 17 lines with a total range over all 
groups of 90,0 to 114,0 days and the Liebo Farm had 8, 14, 18, 33» and 
27 lines with a total range of 95.0 to 117.0 days in groups 1 through 
5, respectively. Within each maturity group linear regression and 
curvilinear regression, containing linear and quadratic effects, were 
performed with seed yield in wide rows or narrow rows as the dependent 
variable and physiological maturity, length of the reproductive period. 
32 
early lodging, canopy rating at beginning seed stage, plant height, 
seed size, and seed yield as independent variables. Line means were 
used in all regression analyses. Coefficients of variation fCV%) within 
each maturity group were calculated "by dividing the square root of the 
regression mean square residual (^/iGResid) by the mean of the dependent 
variable. The VMSResid is the lack of fit or deviations In the 
dependent variable not explained by the independent variable, 
Heritability estimates were determined by obtaining simple 
correlation coefficients of character means over two environments. This 
is equivalent to Frey and Homer's (1957) regression coefficient in 
standard deviation units. Realized heritability was used as a second 
method of estimating heritability. Realized heritability was calculated 
by modifying Frey and Homer's (1955) formula for predicted gain as a 
percent of the population mean. If predicted gain is equal to actual 
gain, the following should be true; 
The left hand side of the equation corresponds with the formula for 
predicted gain and the right side of the equation corresponds with actual 
gain, is the overall mean for a character within a cross in the base 
environment and X^ is the mean of the 10 selected lines in the 
base environment, Xj is the overall mesm for the same character in a 
second environment and X^ Is the mean of the selected lines In the 
second environment and H is heritability, The equation can also be 
\ 
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written 
where H is termed realized heritablllty. Realized heritatlllty is the 
actual percent advance obtained for a character when selecting the 10 
best lines for that character. 
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RESULTS 
Analyses for Characters Except Seed Size and Seed Yield 
Mean squares for the analyses of variance over environments 
(1970, 1973 Bruner Farm, and 1973 Lieto Farm) of cross AX418 and 
cross AX419 are presented in Appendix TaKLes 18 and 19. 
Environments 
Significant differences among the three environments at the 
prohaTïility level occurred for all characters in both crosses except 
canopy rating late (CR2) in cross AX418, 
A comparison of results from 1970 with the mean of 1973 The 
means and significance levels for characters in crosses AX418 and AX419 
are summarised in Table 3 for comparing I97O results with the mean of 
both locations in 1973» There was no difference In average date of 
physiological maturity (PM) between 1973 and 1970 for cross AX418, tut 
the date of physiological maturity in cross AX419 was 1,3 days earlier 
in 1970 than 1973. The length of the reproductive period (HffiB) was 
3.8 days and 5.2 days shorter in 1973 than in 1970 for cross AX418 
and AX419, respectively. 
Early lodging (LDGl) was 35 and 3^ more severe In I973 than I97O 
for the two crosses. This was expected because the favoratle moisture 
environment in 1973 caused an increase In vegetative growth which was 
reflected In a 10^ increase in plant height (PHT) for cross AX418 aaid a 
9^ lacreasQ in plant height in cross AX419, The favorabl© moisture 
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environment in 1973 aleo may have cansed an increase in leaflet area. 
This was reflected partially- in canopy rating late (CR2) and in leaflet 
area at beginning bloom (1A2). Canopies were 7% more closed, a nonsignif­
icant difference, as indicated "by larger canopy rating for cross AX^18 and 
17$ more closed for cross AX419 in 1973, Leaflet area at beginning 
bloom in both crosses was almost 50$ greater in 1973 than 1970, but 
specific leaf weight at beginning bloom (SLW2) averaged 27$ less in 
1973 than 1970. 
A comparison of reaalts from the Broner and Liebo Farms in 1973 
The mean and range for each character in each cross and the parents at 
each location are presented in Appendix Tables 20 and 21 for crosses 
AX418 and AX419, respectively. The means and significance level for 
characters of crosses AX418 and AX419 on the Bruner and Liebo Farms in 
1973 are summarized in Table 4, The Liebo Farm experiment was planted 
one week later than the Broner Farm experiment. This was reflected in 
delays in physiological maturity of 6.6 and 3*9 days on the Liebo Farm 
for crosses AX418 and AX419, respectively. Early lodging averaged 3.00 
for the Bruner Farm and 3«35 for the Liebo Farm, Even though the 
locations differed appreciably, the difference was not statistically 
significant. Canopies appeared to be slightly more closed to light 
penetration on the Bruner Farm as indicated by average canopy ratings 
of 3,U0 as compared to 3*25 on the Liebo Farm, but the two locations 
were not significantly different at the 5$ probability level. Leaflet 
area appear^ to be larger on the Bnmer Farm, Leaflets were 12$ 
larger for cross AXMG and 20^ larger for cross AX4l9g Ttsat the difference 
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Table 3. Maana for chairtwîters of crosses AX418 and AX419 for 1970 
and the mean of both locations In 1973. 
Cross AXMB Gross AX419 
unaracrer 1973 mean Slg.* ï97ô 1973 mean Slg.a 
pm 100.3 101.1 103.8 105.1 ** 
pmbb 70.3 66.5 ** 71.2 66.0 *• 
LDGl 2.3 3.2 « 2.4 3.2 ** 
CR2 3.0 3.2 3.0 3.5 «* 
pht 97.1 106.7 *• 104.0 113.2 ** 
LA2 447.6 664.6 * 448.6 651.4 ** 
SLV2 .500 .365 * ,482 .350 ** 
and *• " significant at the 5^ and 1% probability level, 
respectively. 
Table 4, Means for characters of crosses AX418 and AX419 on the 
Bruner and Liebo Farms In 1973. 
Cross AX418 Cross AX419 
Bruner Liebo Slg,* Bruner Liebo Slg,& 
Farm Farm Farm Farm 
pm 97.8 104.4 * 101.7 105.6 
pmbb 65.3 66.6 65.0 67.0 
LDGl 3.0 3.3 3.0 3.4 
CR2 3.3 3.1 3.5 3.4 
pht 107.5 105.9 113.3 113.1 
LA2 706.5 622.6 721.3 581.5 
3LW2 .347 .382 .337 .362 
and *• " significant at the 5^ and 1^ probability level, 
respectively. 
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for cross AX418 was not significant at the 5^ probaMlity level. 
Locations in 1973 did not differ significantly for length of the 
reproductive period, liLant height, and specific leaf weight at beginning 
moom, 
Lines 
The analyses of variance over environments show that there was 
significant variation among lines (P <^0,01) for all characters in both 
crosses. Individual line means for each environment are shown in 
Appendix Tables 24 and 25. 
Environments x lines interactions 
There were significant aivironnents x lines interactions (P <.0,01) 
for all characters, indicating that lines responded differently relative 
to each other in each environment. This was not unexpected since the 
growing seasons and dates of planting differed markedly. 
Comparison between crosses 
The means for plant characters in cross AX418 and AX419 are 
presented in Table 5. Gross AX419 had a 3,2 day longer growing period 
than cross AX418, but little difference was noted in length of the 
reproductive period. Lines of cross AX419 averaged 6,6 cm taller than 
lines of cross AX418, Cross AX419 tended to have lines with more 
closed canopies than cross AX418. Since leaflet area was similar in 
both cr0ss©se the difference between the two crosses in canopy rating 
was due to some character other than leaflet aizeo 
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Table 5» Means for characters averaged over environments in crosses 
AX418 and AX419. 
Gross PM PMBB LDGl CR2 PHT LA2 SLW2 
AX418 100,5 67.4 2.8 3.1 103.5 592.2 .410 
AX419 103.7 67.7 2.9 3.3 110.1 583.8 .394 
Analyses for Seed Size and Seed Yield 
The mean squares for seed size and seed yield of crosses AX418 
and AX419 are presented in Appendix Tables 22 and 23. Since yield was 
not measured in 1970, the environments include only the Bruner and 
Lieho Farms in 1973. 
Envlronmemts-1973 Bruner and Llebo Farms 
The means and significance level for comparing seed size and 
seed yield in crosses AX418 and AX419 on the Bruner Farm with the 
Llebo Farm in 1973 are summarized in Table 6. 
Table 6, Means for seed size and seed yield of crosses AX418 and AX419 
on the Bruner and Llebo Farms in 1973. 
Gross AX418 Gross AX419 
Character Bruner Llebo Slg.& Bruner Llebo Sig.* 
Farm Farm Farm Fana 
Seed Size (g/lOO seeds) 17.9 18.6 * 16.8 17.4 
Seed Yield (kg/ha.) 2937 2803 3183 2953 * 
^•Significant at the 5^ probability levai* 
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Significant differences between environments at the 5^ level of probabil­
ity were found for seed size (g/lOO seeds) In cross AX418 and seed yield 
(kg/ha) In cross AX419, Environments differed at the 10^ level of 
probability in seed size in cross AX419 and in seed yield in cross AX418. 
In both crosses in 1973» the plots on the Bruner Farm had smaller seed 
size (0,7 and 0,6 g/iOO seeds) and greater seed yield (134 and 230 kg/ha) 
than they did on the Llebo Farm, 
Row sDacintCT 
Tables 7 and 8 summarize the 1973 mean seed yield in narrow and 
wide rows for each cross and the parents in each location. Despite the 
low power of the F test, differences between row spacing? were significant 
at the 5^ level of probability. Narrow rows in each cross yielded sub­
stantially more, 587 to 63O kg/ha,, than did the wide rows. The yield 
response, expressed as a percent advantage of narrow rows over wide 
rows, averaged 249( in cross ÂXM8 and 21^ in cross AX419, Hark, a common 
parent In both crosses, yielded from 792 to 997 kg/ha more in narrow 
rows than wide rows for an average yield response of 32$, Provar 
yielded 87 and 583 kg/ha. more in narrow rows than in wide rows on the 
Bruner Farm and on the Llebo Farm, respectively. The average yield 
response of Provar was 12$, Wayne yielded 481 and 595 kg/ha more in 
narrow rows than in wide rows on the Bruner Farm and Llebo Farm, respec­
tively, an average response of 19$, 
The 10 highest yielding lines in narrow rows yielded 22$ to 28$ more 
than the 10 highest yielding lines in wide rows (Table 9)» The seed 
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Table 7, Mean seed yield (kg/ha) in wide and narrow rows for cross 
AX418 and the parents in each location in 1973, 
Creea AX418 Hark Provar 
Location Vide Narrow Vide Narrow Vide Narrow 
rows rows rows rows rows rows 
Bruner Farm 2621 3251 2714 3448 2634 2721 
Liebo Fan» 2501 3104 2661 3658 2286 2869 
Table 8, Mean seed yield (kg/ha) in wide and narrow rows for cross 
AX419 and the parents in each location in 1973. 
Cross AX419 Hark Vavne 
Location Vide Narrow Vide Narrow Vide Narrow 
rows rows rows rows rows rows 
Bruner 2889 3476 2917 3709 3046 3527 
Liebo Farm 2659 3246 2747 3534 265I 3246 
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yield advantage for narrow rows was Just as great or greater when 
ooaparlng the highest yielding lines in each row spacing than when 
comparing the overall cross means. It was reported that the greater 
seed yield for closely spaced plants was due to higher seed number 
rather than an increase in seed size (Protêt, 19^5)* The data presented 
in Taille 10 support this conclusion because there are no significant 
differences in seed size between narrow and wide rows. 
Environments x row spacinga interactions 
There were no significant environments x row spacings interactions 
for seed size or seed yield. Both row spacings responded similarly for 
both characters in each environment. 
Lines 
The analyses of variance (Appendix Tables 22 and 23) show that both 
seed size and seed yield in each cross varied significantly among lines. 
The range in seed size was from 15»2 to 22.1 g/lOO seeds in cross AX418 
and 14.2 to 20.3 g/lOO seeds in cross AX419. Seed yield, averaged over 
the two locations and two row spacings, ranged ftom 2184 to 324? kg/ha 
in cross AX418 and from 2140 to 3489 kg/ha in cross AX419, Individual 
line means for seed size and seed yield in each row spacing for each 
environment are presented in Appendix Tables 24 and 25» 
Environments x lines interactions 
Both crosses had significant (P< 0*01) emvlroniaents x lines 
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Table 9o Mean seed yield for the highest yielding 10 percent of 
the entries in narrow and wide rows in each cross at two 
locations in 1973, 
Cross Yield in 
wide rows 
(kgaa) 
Yield in 
narrow, rows 
(kgaa) 
^ yield advantage 
for narrow rows 
AX418 
Broner Farm 3000 
Liebo Farm 2819 
AX419 
Bruner Fana 3309 
Liebo Farm 2978 
3794 
3531 
4027 
3795 
26 
25 
22 
28 
Table 10. Mean seed size in wide and narrow rows for two crosses 
at two locations in 1973* 
Cross Seed size 
in wide rows (g/100 seeds) 
Seed size 
in narrow rows (g/100 seeds) 
AX418 
Bruner Farm 
Liebo Farm 
AX419 
Bruner Farm 
Liebo Farm 
17.8 
18,6 
17,1 
17.4 
17.9 
18.5 
16,5 
17.4 
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interaction# for eoed alze, meaning that linea acted differently 
relative to each other in each environment. Ehivironments x lines 
interactional for seed yield were not significant at the 5^ level of 
probability. 
Row sDacings x lines interactions 
Cross AX418 exhibited significant (P < 0,01) row spaeings x lines 
interactions for seed yield and seed size but cross AX419 did not 
exhibit significant interactions (P <0,05) for either character,, The 
row spaeings x lines interactions for seed yield are of particular 
interest because significant interactions indicate that lines which 
yield very high in wide rows may not be among the hi^ yielding lines 
in narrow rows. The 10 highest yielding lines in wide rows were 
selected and the performance of these same lines in narrow rows was 
evaluated. Table 11 shows the yield of these lines in narrow rows 
compared to the cross mean for narrow rows as well as mean of the 10 
lines that were highest yielding in narrow rows. Even thou^ the 
mean of the 10 lines selected for hi^ yield in wide rows was greater 
in all comparisons than the cross mean, there was still a great differ­
ential between this value and the mean of the 10 highest yielding lines 
in narrow rows. 
Environments x row s-pacings x lines interactions 
There were si^iflcant environments x row spaeings x lines 
interactions for only one character in one cross» The interactions were 
significant (P < 0^01) for seed size in cross 
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%ble 11, Mean seed yield (kg/ha) in narrow rows of the 10 lines selected 
for hi^ yield in wide rows compared to the cross mean and the 
mean of the 10 lines that were highest yielding in narrow rows. 
Gross Seed yield in 
narrow rows of the 
10 highest yielding 
lines ;ln wide rows 
Cross mean 
for yield in 
narrow rows 
Mean of the 10 
highest yielding 
lines in 
narrow rows 
AX418 
Bruner Fara 
Lieho Farm 
AX419 
Bruner Farm 
Liebo Farm 
3272 
3310 
3629 
3506 
3251 
3104 
3476 
3246 
3794 
3531 
4027 
3795 
Differences between crosses in 1973 
The means for seed characters in crosses AX418 and AX419 are 
presented in Table 12. Weight per 100 seeds was 5^ greater for cross 
AX418 than it was for cross AX419. Cross AX419, however, had 6% and 
6^ greater seed yield than did cross AX418 in wide rows and narrow 
rows, respectively. 
Table 12, Means for seed characters of crosses AX418 and AX419 in 1973. 
Cross Seed size in Seed size in Yield in Yield in 
wide rows 
(g/lOO seeds) 
narrow rows 
(g/lOO seeds) 
wide rows 
(kg/ha) 
narrow rows 
(kg/ha) 
AX418 18.2 17.8 2561 3178 
AX419 17.3 17,0 2774 336I 
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Associations Between Characters 
Phenotyplo and genotyplc correlations between plant characters, 
except physiological maturity and seed yield In wide and narrow rows, 
In 1970 and 1973 are presented In Appendix Tatle 26, 
Characters associated with seed yield In 1973 
Tables 13 and 14 simmarlze the phenotyplc and genotyplc correlations 
between seed yield In wide rows and in narrow rows with characters 
measured in wide rows in 1973. In general, the genotyplc correlations 
were sll^tly higher than the phenotyplc correlations. The aussoclatlons 
between plant characters differed markedly in row spacings, crosses, 
and between locations. 
Seed yield in wide rows in 1973 Crosses AX418 and AX419 differed 
greatly in the relationship between seed yield and other characters 
measured in wide rows (Table i3). At both locations of cross AX418 
there were significant phenotyplc correlations between high seed yield 
in wide rows and late maturity (r - ,63** and r " .61**), long repro­
ductive period (r « ,56**), early lodging (r = ,50** and r - ,4?**), 
closed canopies (r - ,44** and r - ,59**), tall plants (r • ,4f** and 
r - .32**), and low specific leaf wel^t (r - -,33** and r - -,4l**). 
There were no pronounced associations between seed yield and any other 
character In cross AX4i9, 
Seed yield in narrow rows in 1973 In general, seed yield In 
narrow rows was not associated with any of the characters in wide rows 
except S0^ yield (Table 14)o In cross AX418 on the Liebo Farm, seed 
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Taille 13. Phenotyplc and genotyplc correlation coefficients between 
seed yield In wide rows and characters measured In wide 
rows In 1973. 
Character Cross AX418 Cross AX419 
Bruner Liebo Bruner Llebo 
yield Farm Farm Farm 
pm 
.63** .61** .14 -.01 
(.74)* (.77) (.21) (-.02) 
pmbb .56** .56** .14 .10 
(.67) (.75) (.20) (.12) 
ldgl .50** .47** .05 -.07 
(.63) (.65) (.20) (-.08) 
cr2 .44** .59** -.02 -.20* 
(.61) (.77) (.06) (-.31) 
pht .49** .32** .00 -.10 
(.56) (.47) (.02) (-.14) 
la2 .02 .18 -.15 .00 
(-.05) (.17) (-.04) (-.18) 
slv2 
-.33** -.41** .03 .17 
(-.95) (-.69) (.25) (.55) 
ss40 -.07 -.16 .14 .19 
(-.12) (.22) (.18) (.15) 
^Genotyplc correlation coefficients are In parentheses, 
* and ** " significant at the 5^ and probability level, 
respectively. 
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Table 14, Phenotyplc and genotyplc correlation coefficients between 
seed yield in narrow rows and characters measured in wide 
rows in 1973. 
Character Cross AX418 Cross AX419 
yl«ld ^ 
Llebo 
Farm 
Bruner 
Farm 
Llebo 
Farm 
PM .13 .26** -.07 .00 
(.15)* (.26) (-.10) (.00) 
PMBB .13 ,28** ,02 ,16 
(.11) (.31) (.02) (.24) 
LDd .17 .34** .12 ,12 
(.18) (.36) (.12) (.21) 
CR: .12 .29** -.03 -.05 
(.14) (.30) (-.24) (-.06) 
PHT .06 .25* .01 .19 
(.09) (.21) (.05) (.29) 
LA2 1 • O
 
-.03 -,06 -.09 
e
 
1 (-.17) (-.35) (-.09) 
3hM2 -.10 -.25* .16 .27** 
(-.38) (-.31) (.54) (.51) 
3340 -.01 ,01 .30** .25* 
(-.02) (.03) (.42) (.37) 
YDdO .39** .53** .42** .51** 
(.59) (.63) (.87) (.91) 
^Genotyplc correlation coefficients are in parentheses. 
* aad ** " significant at the 5^ and 1^ probability level, 
respectively. 
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yield in narrow rows was correlated significantly with late physiological 
maturity, long reproductive period, greater early lodging, greater plant 
height, and lower specific leaf weight. The coefficients were small, 
however, ranging from r • -,25* to r - ,34**, 
The character most hig^y correlated with seed yield in narrow rows 
was seed yield in wide rows. Phenotypic correlation coefficients for 
cross AX418 were r " ,39** and r •» .53** for the Bruner Farm and Llebo 
Farm, respectively, and r - .42** and r - .51** for cross AX419, 
Effect of maturity 
Some of the differences between crosses in the association of 
characters with seed yield may be explained by the effects of maturity 
on other characters, as well as on seed yield. Table 15 shows the 
phenotypic and genotypic correlations between physiological maturity 
and other characters. There generally were strong associations of 
late maturity with long reproductive period (r • .86** to .98**), 
greater early lodging (r " ,10 to ,80**), more closed canopies as 
indicated by larger canopy ratings (r - .33** to .85**), greater plant 
height (r - .58** to .79**)» lower specific leaf weight (r - -.21* to 
-.62**), and small seed size (r •» «12 to ,50**). These are the same 
characters, except for seed size, that were associated with seed yield 
in cross AX418, Since late physiological maturity was correlated 
significantly with hi#^ seed yield in wide rows in cross AX418, but 
not cross AX4Î9 (Table 13), it could be concluded that later maturity 
cauBGd th0 associations with seed yield rather tham ths characters 
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T&tle 15. Ph#notypic and genotjrpic correlation ooefflclents between 
physiological matiirlty and other charactere. 
Croaa AX418 Gross AX419 
1970 1973 1973 1970 1973 1973 
Brimer Liebo Bruner Liebo 
• 
Fata Farm Farm Farm 
PMBB .98** .93** .96** .86** .88** .86** 
(.99)* (.94) (.97) (.87) (.89) (.89) 
LDGl .22* .80** .72** .10 .32** .42** 
(.25) (.90) (.78) (.12) (.38) (.49) 
GR2 .77** .80** .85** ,48** .55** .33** 
(.85) C.93) (.94) (.62) (.76) (.40) 
PHT .79** .74** .70** .58** .60** .58** 
(.81) (.79) (.74) (.62) (.63) (.63) 
LA2 .60** .02 .14 .38** -.05 -.09 
(.75) (.12) (.18) (.56) (-.07) (-.14') 
SLV2 -.62** 
-.35** -.50** -.44** -.28** -.21* 
(-.84) (-.91) (-.70) (-.56) (-.52) (-.31) 
SS12* -
-.35** -.49** - -.19 -.30** 
- (-.36) (-.50) - (-.21) (-.32) 
SS40 -.22* -.42** -.50** -.39** -.12 -.31** 
(-.23) (-.46) (-.52) (-.42) (-.13) (-.32) 
YD12^ - .13 .26** - -.07 .00 
- (.15) (.26) - (-.10) (.00) 
YD40^ - .63** ,61** - .14 -.01 
-
(.74) (.77) - (.21) (-.02) 
^Genotypic correlation coefficients are in parentheses, 
^Data not available in 1970» 
* and ** » significant at the 5^ and Improbability level, 
respectively8 
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theasélvesa Another pomslbillty le th&t the other characters^ especially 
plant size characters, were affecting seed yield and the variation in 
those charaoters In AX418 may have been caused ty maturity differences 
among lines. 
Association of Characters after Dividing Lines into Five Maturity Groups 
The intercept, linear, and quadratic regression coefficients, simple 
p p 
and multiple coefficients of determination (r and R ), coefficients of 
variation, and ijmeaa squares residual of curvilinear and linear regression, 
using seed yield in wide or narrow rows as the dependent variable and 
other characters in wide rows as independent variables are presented in 
Appendix Tables 27 through 66, These tables show that by dividing the 
lines within each cross and location into five maturity groups, the 
correlation coefficients between maturity and other characters that were 
significant when the analyses contained all maturity groups (Tables 13 
through 15) generally were no longer significant. Features of the 
associations of seed, yield in wide or narrow rows with other characters 
are presented in the following sections. 
Seed yield in wide rows as the dependent variable 
Appendix Tables 27 throu^ 46 show the results of the regression anal­
yses with seed yield in wide rows as the dependent variable and physiolog­
ical maturity, length of the reproductive period, early lodging, canopy 
ratings leaflet area, specific leaf weight and seed size in wide rows as 
the independent variables, A comparison Is made in the following sections 
2 2 between r and R , calculated within maturity groups and presented in 
2 Appendix Tables 2? through 46, with r calculated from the correlation 
coefficients previously presented in Table 13, over all groups. The 
results of regressing seed yield in wide rows on previously mentioned 
independent variables are presented in the following sections. 
Physiological maturity as the independent variable A significant 
linear association of late physiological maturity with hi^ seed yield 
in wide rows occurred in cross AX418 in maturity group 1 (r » ,31*) on 
the Bruner Farm (Table 2?) and in maturity groups 1 (r^ - ,66**) and 
2 (r^ • ,28*) on the Liebo Farm (Tables 32 and 33)• The standard 
deviation for seed yield in these groups was much greater than the 
standard deviation for seed yield in the other maturity groups except 
for group 5 on the Bruner Farm (Table 16), and the wider variation in 
the dependent variable may explain why maturity groups differed in the 
association of seed yield in wide rows with physiological maturity. 
Calculations, using the linear regression coefficients from Appendix 
Tables 27, 32, and 33» indicate that delaying physiological maturity 
1 day in the 80,0 to 87,0 day range in group 1 of the Bruner Farm 
increased yields by 83 kg/ha. Delaying maturity 1 day in the 84,5 to 
91.5 day range and in the 91.6 to 98.5 day range in groups 1 and 2 of the 
Liebo Farm increased seed yield by 76 and 35 kg/ha, respectively. 
In cross AX419 the only significant association between late 
physiological maturity and seed yield in wide rows occurred in maturity 
group 3 of the Bruner Farm (Appendix Table 39). Both a significant linear 
and quadratic relationship between the two traits were found (R « ,35"^). 
The average se^i yield in wide rows Increased 19 kg/ha per day delay 
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TatAe 16, Comparison of variation among the lines in eaoh maturity group 
Hith the variation over all lines in each oross and location 
In 1973. 
Standard Deviation 
Character Cross Farm Group Group Group Group Group Over all 
1 2 3 ^ 5  g r o u p s  
PM AXM8 Bruner 1.73 1,71 1.93 1.62 1.64 9.00 
Liebo 2,38 2.36 1.75 2.02 1.82 9.67 
AX419 Bruner 1.44 1.29 1.54 1.46 1.22 6.47 
Liebo 1.38 1.38 1,24 1.32 1.34 5.63 
PMBB AX418 Bruner 1.67 1.55 2,95 2.22 2.29 5.27 
Liebo 1.99 2,26 1.70 2.89 2.24 6,92 
AX419 Bruner 2.39 1.93 2.64 1.34 1.31 4.36 
Liebo 2.08 2,00 1.99 2.35 2.20 3,96 
LDGl AXi^lS Bruner 0.28 0.55 0.47 0.44 0.32 0.74 
Liebo 0.41 0,67 0,19 0.59 0.52 0.79 
AXM9 Bruner 0,66 0,48 0,52 0.50 0,43 0.54 
Liebo 0,68 0,70 0,60 0.68 0.54 0.71 
GR2 AX418 Bruner 0.21 0,46 0,39 0.42 0.29 0,60 
Liebo 0.41 0.49 0.38 0,36 0,42 0.74 
AX419 Bruner 0,58 0.45 0.39 0.37 0,35 0,50 
Liebo 0.71 0.62 0,48 0.48 0,46 0,55 
PHT AX418 Bruner 6,41 10.03 10,36 10.29 13.75 15.68 
Liebo 7.99 10.50 9.35 12,52 12.43 15.55 
AX419 Bruner 9,43 8,79 7,47 13.28 9.81 11.59 
Liebo 7,16 9.83 8,92 12.36 14.86 14,31 
LA2 Bruner 65.95 51.11 56,04 69.15 41.73 58,38 
Liebo 65,39 54.20 49.02 59.94 46.78 57,12 
AX419 Bruner 62,74 60,16 59,39 71.17 53.45 60.42 
Liebo 54,64 63.20 35.64 47.98 37.84 46.76 
53 
Table 16. (Continued) 
Standard Deviation 
Character Cross Farm Group Group Group Group Group Over all 
1 2 3 ^ 5  g r o u p s  
SLW2 AX418 Bruner 0,0375 0.0166 0.0219 0,0221 0.0217 0,0248 
Liebo 0.0330 0.0215 0,0200 0.0207 0.0205 0.0270 
AX419 Bruner 0,0275 0.0191 0.0163 O.OI65 0.0173 0.0200 
Liebo 0,0248 0.0148 0.0187 0.0246 0.0230 0.0226 
SS40 AX418 Bruner 1.19 1.36 1.02 1.41 1.51 1.42 
Liebo 1.87 1.68 0.60 1.42 1.37 1.72 
AX419 Bruner 1.51 1.68 1.45 0.95 1.58 1,48 
Liebo 1.37 1.70 1.85 1.46 1.39 1.59 
YD12 AX418 Bruner 269.7 218.0 237.5 328.9 432.6 304,7 
Liebo 186.4 188.5 226.7 249.5 298.1 260.9 
AX419 Bruner 263.9 318.3 304.7 278.7 387.3 320,3 
Liebo 204.7 208.9 294.0 321.7 309.2 289.0 
YD40 AX418 Bruner 257.2 212.2 110.2 169.1 237.9 287,2 
Liebo 223.8 156.8 119.4 155.9 166.1 216.3 
AX419 Bruner 226.0 198.2 186.2 268.9 228.6 224.8 
Liebo 171.8 177.4 209.5 183.4 172.8 181.8 
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In phyalologleal maturity only for the first day and one half of the 
four and one half day period in maturity group 3. For each day later 
in maturity in the range from 101,5 to 104,5 days, seed yield in wide 
rows decreased 18 kg/ha. The linear and quadratic effects in maturity 
group 3 probably were not very meaningful because there were no 
significant associations of seed yield in wide rows with physiological 
maturity in the proceeding or following maturity groups. The standard 
deviation (Table 16) for physiological maturity was slightly larger in 
maturity group 3 than In any other maturity group of AX419» possibly 
contributing to the significant association with seed yield in wide rows. 
When lines were considered over all maturity groups (Table 13), the 
association of yield with physiological maturity was r - ,63** (r - ,^) 
and r - ,61** (r^ » ,3?) for cross AX418 Bruner and Llebo Farms, 
respectively and r - ,14 (r - ,02) and r - -,01 (r «» ,00) for cross 
AX419, 
Except for the Instances stated above, dividing the lines into 
maturity groups apparently reduced most of the effects of maturity on 
seed yield in wide rows within maturity groups. Stratifying by 
physiological maturity should allow a more accurate estimation of the 
true association of other characters with seed yield. 
Plant height as the Independent variable Plant height generally 
was not associated with seed yield in wide rows after the lines were 
divided into the five maturity groups. Maturity group 3 of cross AX418 
on the Llebo Farm and maturity group 1 of cross AX419 on the Llebo Farm 
Her© exceptions. There was a significant linear association of seed 
2 yield in wide rows with plant height in group 3 (r - .70*) in cross AX418 
on the Liebo Farm (Appendix Table Jk), Because there were only 6 lines 
in this group and no other maturity group in either location had a 
significant relationship between the two traits, this one instance of 
association does not seem very meaningful. 
There was a significant linear and quadratic relationship of yield 
with plant height in group 1 of cross AX419 (R^ - ,64*) on the Liebo 
Farm (Appendix Table 42). Variability in jdant height and seed yield 
of group 1 on the Liebo Farm does not differ from the variability shown 
by other maturity groups. In this group, an increase in plant height 
of 1 cm in the range of 83 to 96 cm resulted in an average increase in 
seed yield in wide rows of 25 kg/ha. Within the range of 96 to I05 cm, 
a 1 cm increase in hei^t decreased the average seed yield by 41 kg/ha. 
The strong quadratic effect probably was not of practical importance 
because there were only 8 lines in this maturity group and there were 
no linear associations of plant height in the preceding or following 
maturity groups. The relationship between plant height and seed yield 
in wide rows when lines were considered over all maturity groups was 
r - ,49** (r^ - .25) for the Bruner Farm and r « .32** (r^ - ,10) for 
p 
the Liebo Farm in cross AX418, and r >• .00 (r = .00) for the Bruner 
Farm and r • -.10 (r^ = ,01) for the Liebo Farm in cross AX419 (Table I3). 
Suecific leaf weight as the independent variable A significant 
association between specific leaf weight and seed yield in wide rows 
occurred in maturity group 1 of cross AX4Î8 on both locations (Appendix 
Tables 27 and 32)9 maturity group 4 of cross AX4Î8 on the Bruner Farm 
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(Appendix Table 30), and maturity group 5 of cross AX419 on the Lleho 
Farm (Appendix Table 46). The vdriability in specific leaf weight in 
maturity group 1 for both mpecific leaf weight and seed yield in wide 
rows in both locations was much greater than for all maturity groups 
considered together or for any of the other maturity groups In either 
cross (Table 16), This greater variability may have been a factor in 
causing the significant association of low specific leaf wei^t and 
hlg)i seed yield in maturity group 1 of cross AX418 on the Bruner Farm 
(r^ - ,55**) and on the Llebo Farm (r^ - ,27*). An increase of 0,001 
g/da^ in specific leaf weight decreased seed yields by 5 kg^Aia and 4 
kg/W for group 1 of cross AX418 on the Bruner and Llebo Farms, respec­
tively. Significant linear associations between hlg^ specific leaf 
weight and high seed yield in wide rows was detected in maturity group 
4 (r^ - .19*) of cross AX418 on the Bruner Farm (Appendix Table 30) and 
maturity group 5 (r^ - ,16*) of AX419 on the Llebo Farm (Appendix Table 
46), These r values are not of sufficient magnitude to indicate that 
specific leaf weight would have value as a selection criterion for 
seed yield in wide rows. When all five maturity groups were considered 
together the correlations between specific leaf weight and seed yield 
in wide rows were r - -,33** (r^ - ,10) and r - -.41** (r^ « .16) for 
cross AX418 on the Bruner and Llebo Farms, respectively and r - ,03 
(r^  " .00) and r - .1? (r^  - ,03) for cross AX419 (Table I3). 
Other -plant characters ais the Independent variable T}>e only 
significant association between the length of the reproductive period 
ajid seed yield in wide rows occurr^ in maturity group i (r •=• of 
57 
exoae AX418 on the Llebo Farm (Appendix Table 32) and maturity group 4 
(r^ " ,15*) of oroBB AX419 on the Llebo Farm (Appendix Table 45). Group 
1 of cross AX418 had a larger standard deviation among lines for seed 
yield in wide rows (Table 16) than did any other group and this may have 
contributed to the significant relationship between the two traits. 
Significant linear or quadratic effects between early lodging and 
seed yield in wide rows were not detected in either cross. A significant 
linear relationship between a closed canopy at mid seed stage and hlg^ 
seed yield in wide rows occurred in maturity group 1 (r «* ,25*) of cross 
AX418 on the Llebo Farm (Appendix Table 32). The opposite relationship, 
a closed canopy associated with low seed yield in wide rows, occurred in 
maturity group 4 (r - .13*) of cross AX419 on the Llebo Farm (Appendix 
Table 45). The lack of association between seed yield in wide rows 
and canopy rating at mid seed stage probably are of no practical 
importance because there was a significant (P < 0.05) association 
between these traits only in one maturity group in each of the two 
crosses. 
Small leaflet area and hig^ seed yield in wide rows were associated 
linearly in maturity group 3 (r^ - .80*) of cross AX418 on the Llebo Farm 
(Appendix Table 34) and maturity group 3 (r^ «• .18*) of cross AX419 on 
the Bruner Farm (Appendix Table 39). A significant linear and quadratic 
association was detected between the two trsiits in maturity group 5 
(R^ " .30*) of cross AX419 on the Bruner Farm (Appendix Table 41). Even 
though the association between small leaflets and hi^ seed yield in wide 
rows in maturity group 3 of cross AK418 on the Llebo Farm was hi^ 
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2 (r " ,80*) It may be of no practical significance because there were 
only 6 lines in this group. The associations in maturity groups 3 and 
5 of cross AX^19 on the Bruner Farm were not significant at the 1$ 
probability level. 
Large seed was associated linearly with hl^ seed yield In wide rows 
in maturity group 1 (r = .50**) of cross AX418 on the Bruner Farm 
(Appendix Table 2?) and maturity group 4 (r^ - ,22**) of cross AX419 on 
the Liebo Farm (Appendix Table ^5). A significant linear and quadratic 
association occurred in maturity group 1 (R^ « .71*) of cross AXU18 on 
the Bruner Farm (Appendix Table 2?) and maturity group 3 (R " .30**) 
of cross AX419 on the Bruner Farm (Appendix Table 39)* The associations 
between seed yield in wide rows for the characters presented above were, 
in all comparisons, either very low or they were not consistent (le. no 
significant relationships in a maturity group in more than one location). 
These results Indicate that measurements for these traits in wide row 
spaclngs would not serve effectively for Identifying lines for high seed 
yield in wide rows. 
Seed yield in narrow rows as the dependent variable 
In cross AX418, the only consistently significant association 
between seed yield in narrow rows and any other character was with 
physiological maturity (Appendix Tables 4? throu#i 66), There was a 
significant linear association of hlg^ seed yield In narrow rows with 
2 late physiological maturity in maturity group 2 (r ® ,32**) on the 
2 
Bruner Farm (Appendix Table 48) and in maturity group 2 (r = .22*) 
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on the Llebo Farm (Appendix Table 53) and a significant linear and 
quadratic association between the characters in maturity group 3 
(R^ " .86*) on the Liebo Farm (Appendix Table 5^), Delaying maturity 
1 day increased seed yields by 73 and 37 kg/ha. in maturity group 2 on 
the Bruner and Liebo Farms, respectively, Rie significant linear and 
quadratic effects between physiological maturity and seed yield in 
narrow rows in maturity group 3 of cross AX418 on the Liebo Farm may not 
be very important biologically because there were only 6 lines in this 
group, however, the significant linear effect in the preceeding maturity 
group may be continuing into a quadratic effect in maturity group 3. 
When lines were considered over all maturity groups, correlation 
coefficients for physiological maturity and seed yield were r • .13 
(r^ • ,02) for cross AX418 on the Bruner Farm and r " .26** (r^ « ,06) 
for cross AX418 on the Llebo Farm (Table 14), 
A significant linear association between seed yield in narrow rows 
and seed size occurred In maturity group 4 (r^ » ,14*) and a significant 
2 linear and quadratic association occurred in maturity group 5 (R " ,28*) 
of cross AX418 on the Liebo Farm (Appendix Tables 55 and 56). 
Although the associations between these traits were significant 
statistically, the coefficients were small and the association seems 
of minimal value practically. 
A significant linear and quadratic association occurred between 
early lodging and seed yield in narrow rows in maturity group 1 
(R^ = o39*) of cross AX418 on the Liebo Farm (Appendix Table 52) and a 
significant linear association occurred between hi^ seed yield in wide 
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•lid narrow rowe In maturity group 4 (r - ,25**) of cross AX418 on 
the Llebo Farm (Appendix Table 55)* Because these associations were 
detected in only one maturity group and cne location, they do not 
suggest a firm association between these traits. 
In cross AX419, hl^ seed yield In wide rows was associated with 
hl^ seed yield In narrow rows on both the Bruner and Llebo Farms 
(Appendix Tables 57 throu^ 66), There were significant linear 
relationships In groups I (r^ - ,40**), 3 (r^ « ,20*), and k (r^ « ,33**) 
on the Bruner Farm, There were also significant linear and quadratic 
effects In maturity groups 1 (R^ - ,64*) and 3 (R^ - .46**), In 
maturity group 1, an increase in seed yield in wide rows of 1 kg/ha in 
the 2300 kg/ha to 2750 kg/ha range resulted in an average seed yield in­
crease of 1,3 kg/ha In narrow rows. An increase of 1 kg/ha in seed yield 
in wide rows in the 2750 kg/ka to 3150 kg/ha range decreased seed yield 
in narrow rows by .25 kg/ha. In maturity group 2 an increase of 1,0 
kg/ha. in seed yield in wide rows Increased seed yield in narrow rows by 
0,6 kg^ia. An increase of 1 kg/ha in seed yield in wide rows in the 
2600 kg/h& to 3050 kg/W range In maturity group 3 resulted In an average 
seed yield increase of 1,9 kg/ka in narrow rows. From 3050 kg/ka to 
3275 kg/ha, seed yield In narrow rows decreased by an average of 1,0 
kg^ia for every 1,0 kg/ka Increase in seed yield of wide rows. There 
were significant linear associations between hl  ^seed yield in wide 
and narrow rows In groups 1 (r^ = .53*)» 3 (r^ "• .40**), 4 (r^ •» ,20**), 
and 5 (r^ ® ,32**) on the Llebo Parm, A 1 kg/ha. increase In seed yield 
in wide rows Increased seed yield in narrow rows by 0,9s Oo9e 0,8, ajid 
1,0 kg/ha for groups Ig 3p 4,, and 5» respectively» Mhsm lines ware 
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considered over all maturity groups in cross AX419, the association of 
yield in wide rows with seed yield In narrow rows was r - ,42** (r^ - ,17) 
on the Bruner Farm and r «• ,51** (r^ - ,26) on the Liebo Para (Taljle 
14). 
In cross AX419, significant linear associations were observed 
between hi^ seed yield in narrow rows and a long reproductive period 
in maturity group 3 (r^ •> ,18*) of the Bruner Farm (Appendix Table 59) 
and maturity group 4 (r^ - .25**) of the Liebo Farm (Appendix Table 65). 
A significant linear and quadratic association occurred in maturity 
group 5 (R^ " .33*) of the Bruner Farm (Appendix Table 61), Relatively 
large standard deviations in length of reproductive period in groups 3 
and 5 on the Bruner Farm and group 4 (Table 16) on the Liebo Farm may 
be allowing the association between these two traits to be observed. 
Significant linear associations occurred between high seed yield 
in narrow rows and hi^ specific leaf weight at beginning bloom in 
maturity group 3 (r^ " .38**) on the Bruner Farm (Appendix Table 59) 
and maturity group 5 (r^ - ,20*) on the Liebo Farm (Appendix Table 66) 
and a significant linear and quadratic association occurred in maturity 
group 1 (R^ • ,22*) on the Bruner Farm (Appendix Table 57). Physiological 
maturity (R^ - .23*) (Appendix Table 59) n early lodging (R^ - .43*) 
(Appendix Table 63), leaflet area at beginning bloom (r^ • ,21**) 
(Appendix Table 65), and seed size (r^ = ,18* and ,15*) (Appendix 
Tables 65 and 66) were significantly related to seed yield in narrow 
rows, but the associations were not consistent across locations or 
maturity groups and they uere small» 
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In flumnaxy, when the lines within each oroas were divided into 
maturity groups, si^ifleant correlation coefficients between maturity 
and other characters generally were not obtained. By stratifying the 
data into i^ysiological maturity groups, the data also were grouped for 
other characters as well. The standard deviations for characters were 
generally lower within maturity groups than when calculated across all 
maturity groups (Table 16) and thus, associations of characters with 
seed yield in wide and narrow rows generally were no longer detectable. 
The standard deviations for physiological maturity were decreased by 306 
to in cross AX418 and Ty 308 to 430^ in cross AX'l'19 by the Imposed 
maturity groupings. Standard deviations for length of the reproductive 
period were decreased by 79 to 307$ in cross AX418 and by 65 to 2335^ 
in cross AX'flÇ, Stratifying the data into 5 maturity groups lowered the 
standard deviation, relative to that over all groups, more in physlolog» 
leal maturity and the days from beginning bloom to physiological maturity 
(reproductive period) than for the other characters. IMs was expected 
because the grouping Kas based on physiological maturity and physiological 
maturity was used in the calculation of the reproductive period. Ihere 
generally was a larger decrease in standard deviation within maturity 
groups relative to the standard deviation over all groups in cross AX418 
than in cross AX419, Standard deviations for early lodging were decreased 
in 19 of the 20 cases within the 5 maturity groups in the two crosses 
at the two locations as compared to standard deviations calculated over 
all groups. Standard deviations for canopy rating were decreased in 17 
of 20, plmit height In 18 of 20, leaflet area in 11 of 20^ specific leaf 
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weight in 14 of 20, seed size In wide rows in 13 of 20, seed yield in 
narrow rows in 13 of 20, and seed yield in wide rows in 14 of 20 
eases as compared to standard deviations across all groups, 
HeritaTjility of Characters 
The standard unit and realized heritability estimates for char­
acters in crosses AX418 at^ AX419 are summarized In Table 17. For all 
characters except seed size and seed yield in narrow rows and seed yield 
in wide rows, estimates of heritability were calculated on all combina­
tions of environments taken two at a time, 1970 with the 1973 Bruner 
Farm, 1970 with the 1973 Liebo Farm, and the 1973 Bruner Farm with the 
1973 Liebo Farm, Since data on seed size in narrow rows and seed yield 
in both row spacings were available in 1973 only, the estimates of 
heritability for these characters were based on the 1973 Bruner Farm 
with the 1973 Liebo Farm, 
Reproductive characters 
Heritability estimates for the reproductive characters, physiological 
maturity and length of reproductive period, were high, ranging from ,62 
to 1,00, Little difference was observed between crosses or between the 
standard unit and realized heritability estimates. The means of 
standard unit heritabilities for days to physiological maturity of 
crosses AX418 and AX419 wore ,93 and .92, respectively. The respective 
means of the realized heritability estimates for this trait were @84 and 
,97, Heritabilities of length of the reproductive period were slightly 
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Table 17, Standard unit and realized heritability estimate* for 
characters of cross AX418 and AX419, 
Cross AX418 Gross AX419 
mean range mean range 
PM .93 .91- .96 .92 .90- .95 
(.84)* (.71-1.00) (.97) (.92-1.00) 
PMBB .83 
00 i. 
.75 .72- .81 
(.72) (,62- ,80) (.80) (.69- .98) 
LDGl .58 ,46- ,80 .52 .46- .57 
(.78) (.75- .84) (.79) (.67-1.00) 
CR2 .71 .69- ,72 .50 .45- .57 
(.88) (,63-1,00) (.92) (.79-1.00) 
PHT .87 .84- .90 .81 .80- .82 
(.84) (.73- .93) (.97) (.95-1.00) 
LA2 .34 ,26- ,41 .28 .18- M 
(.18) (.02- .40) (.21) (.00- .51) 
SLW2 .36 .30- .43 .43 .29- .54 
(.40) (.22- .66) (.41) (.30- .54) 
SS12^ .85 .88 — 
(.72) (-) (.74) (-) 
SS40 .82 .77- .85 .78 .71- .88 
(.87) (.72- .96) (.76) (.65- .93) 
YD12^ .52 — .40 
(.29) (—) (.44) (-) 
YD40* .78 — .57 — 
(.42) (-) (.48) (-) 
Realized heritability estimates in parentheses. 
^bata available for 1973 Bruner Farm with 1973 Liebo Farm only. 
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lower, with average values of ,83 and ,75 for the standard unit method 
and ,72 and ,80 for realized heritabillty, 
CanoTjy characters 
Heritabillty estimates for the canopy characters, early lodging 
and canopy rating at mid seed stage, were lower than those for the 
reproductive characters, ranging from ,46 to 1,00 for early lodging and 
.45 to 1,00 for canopy rating. Early lodging had mean estimates of ,58 
and ,52 for the two crosses for standard unit heritabillty. Estimates 
of realized heritabillty averaged ,78 and ,79. Oanopy rating at mid 
seed stage had average standard unit heritabllities of ,71 and ,50, 
Mean realized heritabillty estimates for this trait were hi^er, ,88 
and ,92 for crosses AX418 emd AX419, For both canopy characters, 
realized heritabllities were appreciably larger than the estimates 
made by the standard unit method. This may be explained in part by 
the procedures for estimating heritabillty and how the characters were 
measured. Realised heritabllities were obtained by selecting the 
upper 10$ of the lines for the particular character and relating that 
to the performance of the same lines in another environment. Standard 
unit heritabillty estimates were based on the data Arom all lines in 
each environment. Both oanopy characters, early lodging and canopy 
rating at mid seed stage, were ratrà visually. Since visual ratings 
tend to be made with greater variation than empirical measurements, the 
few QXtreae lines used in estimating realized heritabillty probably 
would be rat^ more consistently than would the many intscmedlat® linos. 
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Plant height 
Plant height was highly heritable with a range in estimates of ,73 
to 1.00. The means for cross AX418 were .8? and .84 for standard unit 
and realised heritablllty methods, respectively. For cross AXM9» the 
comparable estimates were ,61 and .97. 
Leaflet characters 
Leaflet area at beginning bloom and specific leaf weight at 
beginning bloom had low heritability estimates, ranging from .00 to .51, 
There was significant variation among lines for both characters as indi­
cated in Appendix Tables 18 and 19. Standard unit heritabilities for 
leaflet area at beginning tloom averaged ,34 and ,28 for cross AX418 and 
cross AX419, respectively. Realized heritability estimates averaged ,18 
and ,21, Heritabilities for specific leaf weight at beginning bloe» for 
the two crosses averaged .36 and ,43 for the standard unit method and 
,40 and .41 for the realized heritability method. 
Seed characters 
Standard unit heritability estimates for seed yield in both row 
spacings were higher for cross ÂX418 than cross ÂX419, Estimates for 
the two crosses were ,52 and ,40 in narrow rows and ,76 and ,57 in 
wide rows. In contrast, the realized heritability estimates for seed 
yield in both row spacings of cross AX419 were larger than for cross 
AX418o These estimates for heritability of seed yield in narrow rows 
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rows average ,29 and ,44 for crosses AXM8 and AX419, and in wide rows 
they were ,42 and ,48. Realized heritability estimates were substantially 
«mailer than standard unit heritability estimates in cross AX418. This 
indicates that there is a larger genotype x environment Interactions 
among the hl^ yielding lines of cross AX418 than among the remainder 
ax the linôô in that cross. 
In both crosses and for both methods of calculating heritability, 
higher estimates were obtained for seed yield in wide rows. In cross 
AX418, standard unit estimates were .52 and ,73 for yield in narrow 
and wide rows, respectively. The conasponding realized heritabllities 
for AX418 were ,29 for narrow rows and ,42 for wide rows. Differences 
in heritabllities at the two spacing^ were not as striking In cross 
AX419, Heritabllities for seed yield in narrow rows for cross AX419 
were ,40 and ,44, and for wide rows they were ,57 and ,48 for the 
standard unit and realized heritability methods, respectively. 
Part of the reason for the lower estimates of heritability of seed 
yield in narrow compared with wide rows may be due to the greater 
experimental error that accompanies the measuring of yield in narrow 
rows. Attaining a precise harvest Is more difficult for narrow-row 
jû.ot8. Coefficients of variation for the two row spaclngs tend to 
support this hypothesis. Coefficients for seed yield for cross AX418 
were 7,4)6 for both row spaclngs on the Bruner Farm, but on the Llebo 
Farm the coefficients were 1,1% In wide rows and 8,8$ in narrow rows. 
The coefficients of variation for cross AX419 on the Bruner F&m were 6,1 
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and 8.7% In wide and narrow rows, respectively. On the Llebo Farm 
the coefficients were slightly larger, 7,^ and 9»6% in wide and 
narrow rows. 
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DISCUSSION 
Factors Affecting Plant Characters 
There were differences among environments for the expression of 
reproductive, canopy, plant, leaflet, and seed characters among the 200 
lines ftoa the two crosses evaluated in this study. The crosses differed 
appreciable for many of the characters measured, including seed yield, 
but the environmental effects were similar in both crosses AX418 and 
AX419 (Tables 3 and 4). 
Reproductive characters 
The mean dates of physiological maturity for crosses AX418 and 
AX419 were approximately the same in 1970 as in 1973» but the average 
length of the reproductive period for lines of both crosses was 4,$ 
days longer in 1970 thsr. 1973« This indicates that environments can 
change the length of the reproductive period of a group of lines and, 
although seed yield was not measured in 1970, a longer reproductive 
period could theoretically cause an increase in seed yield. 
The one week later planting date on the Llebo Farm caused a delay 
in physiological maturity of 5»3 days, but did not appreciably change 
the length of the reproductive period between the two locations. The 
delay in the date of planting and physiological maturity may have 
caused the decrease in seed yield in both row spacings from the Bruner 
Para to the Llebo Farm, 
Significant environments x lines interactions^ reported in the 
results seetlen, for the reproductive characters probably are not very 
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me&ntngful because both the mean squares for the environments x lines 
interactions and error were small. Low environments x lines interactions 
probably contribute to the hi§^ estimates of heritability, ranging from 
,72 to 1,00, for the reproductive characters (Table 17), This supports 
the conclusion that the environments x lines Interactions were of 
no great importance. 
Canopy characters 
A more favorable moisture environment in 1973 than in 1970 
contributed to an increase in vegetative growth in 1973# The increased 
growth probably caused the increase in early lodging and more closed 
canopies at mid seed stage in the 1973 experiment. 
Early lodging and canopy ratings were similar for crosses AX418 
and AX419 (Table 5). Early lodging was sli^tly greater, canopies were 
slightly more open, and leaflets averaged smaller on the Llebo Farm 
than on the Bruner Farm, but the differences were not significant, A 
small amount of lodging (to approximately 2.0) has been shown to cause 
a more favorable leaf arrangement in soybeans in wide rows (Shaw and 
Weber, 196?), but in my study early lodging was pronounced, averaging 
over 3.0, and this may have caused a leas favorable leaf arrangement. 
The severe lodging nay have negated the effects of small leaflets on 
opening the soybean canopy, Moraghan (1970) reported that increased 
lodging resulted in more closed canopies as Indicated by the canopy 
rating. The mailer leaflets on the Llebo Farm should have caused a 
more open canopy resulting in a smaller canopy rating. Plants at the 
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Lleto FUn had smaller leaflet area at beginning bloom than did those 
at the Bruner Farm, This probably was the cause of the slight, non­
significant differences observed In canopy rating at mid seed stage 
at the two locations. 
Plant height 
The favorable moisture environment In 1973 may have caused plant 
height to be greater In that year. Plants were almost IO5C taller In 
1973 than in 1970, Tall plants generally were associated with greater 
lodging and the Increased plant hel^t may have contributed to the 
Increased early lodging In 1973• 
Significant environments x lines interactions for plant height may 
Indicate that genetic differences occur for response to differences In 
soil moisture. Some lines must grow more vigorously than others in a 
favorable environment, or conversely, some lines are reduced In plant 
height much less than others when subjected to a loss favorable environ­
ment. These Interactions may be important in the selection of lines 
that are to be grown In either favorable or less favorable soil moisture 
and fertility conditions. Five early and five late lines were randomly 
selected and compared In 1970 and 1973 to determine which lines responded 
to the favorable soil moisture environment in 1973* The late lines of 
cross AX418 responded less (6 cm) than early lines (15 em) while lines 
In cross AX419 responded in an opposite manner. The late lines in cross 
AX419 responded more (19 cm) than the early lines (7 cm). Physiological 
aaturlty evidently was not entirely responsible for how lines responded 
to different environments « 
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Leaflet characters 
The leaflet characters, leaflet area and specific leaf weight at 
beginning bloom, also showed a pronounced response to the favorable soil 
moisture environment in 1973» Leaflet areas were nearly $0^ greater in 
1973 than in 1970, Different leaf planlmeters were used in measuring 
leaflet area in 1970 than 1973 and this could have Introduced an addition­
al source of variation. Because both planlmeters were standardized by 
using known leaf areas, the error attributed to different machines 
should be minimal. 
Significant environments x lines Interactions indicate that the lines 
reacted differently with respect to leaflet area and specific leaf weight 
depending upon the environment In which they weia ^own. Even when soil 
moisture environments were similar, as in 1973» there still were signif­
icant environments x lines interactions. The hl^ environments x lines 
interactions for leaflet characters probably contributed to the low 
herltabllity estimates reported in Table 17, ranging from ,00 to ,66, 
for these characters. 
Seed characters 
Plots on the Llebo Farm in 1973 had slightly larger seed and yielded 
less than those on the Bruner Farm (Tables 9 and lO), As Indicated 
by averaige seed yield on the Llebo and Bruner Farms, 3281 kg/ka and 35^3 
kg/ha, the increase in seed size on the Llebo Farm did not fully 
compensate for the decrease in the number of seeds set. 
Seed yield in narrow rows waa always greater than seed yield In 
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wide rows. My results were In agreement with Probst (19^5) t vho 
reported that increased seed yields from close plant spaoings was due 
to greater seed numbers rather than an increase in seed size. The 
average yield response of narrow rows based on all lines in this study 
was When the yield advantage of narrow rows was calculated by 
comparing the 10 highest yielding lines in each cross in each row spacing 
the yield advantage was 25^. Even thou^ yield advantage of narrow 
rows was not as high as the 3856 average reported previously by Morag^ian 
(1970), it was appreciable. 
There were significant lines x row spacings interactions for seed 
yield in cross AX418 but not for lines in cross AX419, This may have 
been caused by plant size differences between the two crosses. Plants 
were taller in cross AX419 than in cross AX418 and more lines of cross 
AX419 may have been large enough to intercept most of the light soon 
after beginning bloom stage and, as suggested by Shibles and Weber (I966), 
near maximum seed yield was attained in wide rows. If this were true, 
less interactions with row spacings would have occurred. 
The lines x row spacings interactions suggest that if selection 
for seed yield is done in one row spacing, that line may not yield satis­
factorily in another row spacing. This may be especially true when 
yield tests are conducted with varieties that do not have the character­
istics to attain full light interception soon after beginning bloom 
stage. 
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Association of Characters with Yield Across all Maturity Groups 
Identifying plant characters that would be effective In identifying 
lines with high seed yield was possible in wide rows in one cross, but 
was very difficult in narrow rows. Characters associated with seed 
yield in wide rows generally were not associated with seed yield in 
narrow rows (Tables 13 and 14). 
Rewroductive characters 
Late date of physiological maturity was associated (r - ,62**) 
with hi^ seed yield in wide irows in cross AXM8, but not in cross 
AX4i9 (r - .08), Plants were larger in lines of cross AX419 and late 
lAyalologioal maturity genei-ally was not needed for attaining hi^ seed 
yield in wide rows, Ihe association of late physiological maturity and 
high seed yield in wide rows of cross AX418 was in agre«nent with results 
reported previously by Moorthy (1950), Weber and Moorthy (1952), 
Johnsbn et al, (1955b), and Noraghan (1970), In agreement with Moravian 
(1970), my results showed that there generally was no association between 
physiologioal maturity and seed yield in narrow rows. One exception was 
the small, but significant, association (r - .26**) between late 
physiologioal maturity and high seed yield in one location of cross 
AX418, Late maturing, large plants evidently are not needed for hi^ 
seed yield in narrow rows. 
A long reproductive period was associated with high seed yield 
in wide rows in cross AX4i8 (r « .56**), but not in cross AX419, 
Moravian (1970) reported a significant association between hi^ seed 
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yield in wide rows and long reproductive period aeasured in wide or 
narrow rows in two of three crosses. Significant correlations (r • ,28**) 
between long reproductive period measured in wide rows and hi^ seed 
yield in narrow rows occurred only in one location of cross AX4l8. 
Moravian (1970) found significant positive correlations between long 
reproductive period and hi#i seed yield in narrow rows only In one of 
three crosses. A long reproductive period theoretically would be 
advantageous for high seed yield in both wide and narrow rows. It is 
possible that other characters associated with a long reproductive 
period were disadvantageous in narrow rows. 
Canopy characters 
A significant positive association (r - ,49**) occurred between 
early lodging and hlg^ seed yield in wide rows in cross AX418, Cross 
AX419 showed no such relationship. The degree of lodging was the same 
in both crosses, averaging 2,9, Theoretically lodging may have been 
beneficial, especially in wide rows, by causing earlier total light 
interception. It could be that the jdant size was large enou^ in 
AX419, with a mean plant height of 110,1 cm as compared to 103,5 cm 
for cross AX418, that lodging was not needed to attain greater early 
light interception, Weber and Fehr (1966) and Cooper (1971a) reported 
higher seed yields in wide rows when plants did not lodge, Early 
lodging in wide rows was not related to seed yield in narrow rows 
except in one location of cross AX418 in which r «= ,34**, Lodging 
should not have been bmefical in narrow rows because total li^t 
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Interception mis achieved ty most lines In the experiment without 
lodging. Moraghan (1970) found no association between early lodging 
in wide rows and seed yield in narrow rows. 
A closed canopy was associated with high seed yield in wide rows 
in cross AX418 (r - .52**), but the opposite relationship (r - -.20*), 
an open canopy and hl#i seed yield occurred in one location of cross 
AX419. This provides another Indication that most of the light was 
being intercepted soon after beginning bloom stage by many of the 
lines in cross AX419 and that increasing the efficiency of interception 
then became important. Moraghan (1970) reported that closed canopies 
and hig^ seed yield in wide rows were associated, but correlation 
coefficients were small and they were significant only in one of three 
crosses. Hy results indicate that when lines are too small to Intercept 
full sunlight, canopy characters associated with closed canopies are 
associated with high seed yield in wide rows. 
Plant height 
Plant height was correlated positively with seed yield in wide rows 
of cross AX418, but not in cross AX419, The difference in crosses may 
be because the lines in AX418 averaged 6.6 cm shorter than the lines in 
AX419, "Hie associations suggested between plant height and seed yield 
in wide rows have been variable, Johnson et al. (1955b) reported low 
correlations between plant height and seed yield In wide rows, but 
Moravian (1970) reported significant positive correlations between 
thoiB© eharactsrs in wide rows in two of three crosses» 
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Tall filants in wide rows were associated with high seed yield In 
narrow rows only in one of four Instances, cross AX418 on the Llebo 
Farm, Even then, the correlation was small (r - .2$*), Moravian's 
(1970) data further substantiate this lack of association. In two of 
three crosses in his study plant height and seed yield in narrow rows 
were not associated significantly and in the third cross, a significant 
negative correlation was found between these traits. The association 
of plant height with high seed yield in wide rows in cross AX418, the 
shorter of the two crosses, and the general lack of association of 
plant height with seed yield in narrow rows would seen to indicate 
that larger plants are needed for hl^ seed yield in wide rows than 
in narrow rows. 
Leaflet characters 
In agreement with Moraghan (1970), my results showed no relationship 
between leaflet area at beginning bloom in wide rows and seed yield in 
either wide or narrow rows. It seems that small leaflet area would be 
desirable for soybeans grown in narrow rows at a relatively hl^ plant 
density, but It appears that a large leaflet area was not a detriment 
in the lines used in my study. 
Significant correlations (average r - -,37**) occurred in cross 
AX418, indicating that low specific leaf weight was associated with 
hlg^ seed yield in wide rows, but there were no significant correlations 
between specific leaf weight and seed yield in wide rows In cross AX419 
cr in Mor®^an®s (1970) data. Low specific leaf weight measured In 
Mid® rows warn significantly associated (r = -»25^) with hi^ seed yield 
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In naxTOM rows In one location of cross AX418 and hlg^ specific leaf 
weight was associated significantly (r - ,27**) In one location of 
cross AX419, Mora^an (1970) reported a trend for positive correlations 
of hl§^ specific leaf weight in wide rows and hi#i seed yield in narrow 
rowS: Specific leaf weight has been shown to be associated with hig^ 
leaf net photosynthesis and hig^ seed yield in wide rows (Domhoff, 1969)1 
bat the data from the lines used in my study do not support this conclu­
sion. The lack of association of specific leaf weight with hi^ seed 
yield could be attributed to the method of measurement. It was shown 
by Domhoff (I969) that specific leaf weight of a line increased with 
later stages of development following beginning bloom. Lines in my 
study were at different stages of development when the leaves were 
sam^OLed, all lines within a replication, and sometimes within an 
experiment* were sampled on the same day. This could have contributed 
to biased estimates of the relationship between specific leaf weight 
and seed yield in both row spaclngs. 
Seed characters 
In agreement with Moraghan's (1970) results, my data showed that 
seed yield in wide rows had the highest association with seed yield in 
narrow rows of any character measured. The correlation coefficients 
measuring the association were not high, r = ,39** to r - ,53**« The 
low correlations in both crosses and the significant lines x row spaclngs 
interactions In cross AX418 for seed yield indicate that the superior 
yielding lines selected in wide rows may not be the highest yielders In 
narrow rows. 
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Association of Characters with Seed Yield 
in each of Five Maturity Groups 
Physiological maturity was associated significantly with most 
other characters in 1973, considered ovor all maturity groups. The 
exceptions for cross AX418 were leaflet area at beginning bloom at "both 
locations and seed yield in narrow rows at one location (Table I5). All 
characters in crose AXUI9 were associated with physiological maturity 
except leaflet area at beginning bloom, seed size In both row spaclngs 
on the Bruner Farm, and. seed yield in both row spaclngs (Table I5). When 
physiological maturity was associated significantly with seed yield In 
wide rows, most characters correlated with physiological maturity also 
were associated with seed yield, When physiological maturity was not 
associated significantly with seed yield, none of the characters corre­
lated with physiological maturity were associated with seed yield in 
wide rows (Tables 13 and 14). 
Because of the association of other characters with physiological 
maturity, the lines were divided into five maturity groups with an 
equal number of days in each group, in each location of each cross. 
Linear and curvilinear regression analyses with seed yield in either 
wide rows or narrow rows as the dependent variable and reproductive, 
canopy, plant, leaflet, and seed characters as the Independent variables 
indicated that when the data within each of the maturity groups were 
evaluated separately the effects of maturity generally were reduced. 
The analyses did not establish any clear cut relationships between these 
characters and seed yield. However9 the analyses did serve to identify 
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some trends and some sptieifio assoolations that Hill be dieoussed in 
the following sections. 
The aasoeiation of plant characters with seed yield in wide rows 
The results indicate that there are few associationc of seed yield 
in wide rows with other plant characters measured in wide rows within a 
maturity group. In cross AX418, late date of physiological maturity 
2 2 (r - ,31* and r • ,66**) and low specific leaf wel^t at beginning 
2 2 bloom (r • .55** and r - ,27*) were associated linearly with hi#i 
seed yield in wide rows in maturity group 1, But other associations 
of characters generally were not hi#i. The association of late 
physiological maturity and hig^ seed yield in wide rows may indicate 
that lines in maturity group 1 were too early to produce hl^ seed 
yields in wide rows. Seed yield in wide rows Increased with lateness of 
physiological maturity to approximately September 1 in cross AX418, 
The relationship between specific leaf weight and physiological 
maturity in maturity group 1 of cross AX418 was not reduced by dividing 
lines into maturity groups, therefore it is possible that one character 
is related to seed yield through the association of the other character 
with seed yield in wide rows. Specific leaf weight had a larger standard 
deviation In maturity group 1 than in any other maturity group (Table 16), 
This is possibly allowing the association between specific leaf weight 
and seed yield in wide rows to be recognized. 
By dividing the lines into maturity groupsj not only were the 
associations within groups of physiological maturity with other characters 
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generally reduced, tut the associations among the other characters also 
were reduced. Grouping ty physiological maturity generally reduced the 
variation in all characters within each group as compared to the 
variation across all groups. For «cample, cross AX418 on the Bruner 
Farm had a total range in ^ant height of 78 to I56 cm, tut in maturity 
group 1 the range was 78 to 100 cm and in maturity group 2 the range 
was 78 to 122 cm. The maturity group ranges were Bubatantially less than 
the range of all the lines in the cross and they do not Include 
the taller plants of the population. The reduced variation of the 
characters within maturity groups may have contributed to the lack of 
association between these characters and seed yield in wide rows. 
The association of plant characters with seed yield in narrow rows 
In general, characters measured in wide rows were not closely 
associated with seed yield in narrow rows. The fact that the only 
significant associations between late physiological maturity were 
in the early and medium maturity groups, group 2 of cross AX418 in both 
locations and group 3 of cross AX418 on the Liebo Farm, may indicate 
that earlier lines can be used in narrow rows than in wide rows 
without sacrificing yield. There are some Indications, judging from 
which maturity groups had significant associations of maturity and 
seed yield, that early physiological maturity Is not detrimental to 
hi^ seed yield in narrow rows. 
Lines of crosses AX418 and AX419 did not respond similarly in the 
associaticn of s@®d yield in narrow rows with se^ yield in wide rows. 
82 
In erosa AX418, seed yield in wide rows was not associated significantly 
with seed yield in narrow rows. For croas AX419, hig^ seed yield in 
wide rows had a significant linear association with hi^ seed yield in 
narrow rows in maturity group 1 (r - .40**), 3 (r - ,20*), and 
4 (r - .33*) on the Bruner Farm and maturity group 1 (r - .53*)# 
3 (r^ - .40**), 4 (r^ - .20**), and 5 (r^ - .32**) on the Liebo Farm. 
Curvilinear regression improved the associations of seed yield in wide 
g 
rows with seed in narrow rows in maturity groups 1 (R " .64*) and 3 
(R^ " .46**) of the experiment grown on the Bruner Farm, "but it did 
not help in any other instance. 
In summary, there seem to be certain prerequisites required for 
lines grown in wide rows for them to express their full yield potential, 
A prime prerequisite is that the Interception of most of the sunlight 
be attained soon after the beginning bloom stage. This requirement can 
be met in several ways or combinations of ways, including larger plants, 
larger leaflets, and slight lodging. When fUll light Interception Is 
not reached soon after the beginning bloom stage any plant character 
assooiated with idant size could be associated with seed yield. This 
seemed to be the oase with oross AX418, If full light interception is 
reached soon after the beginning bloom stage, then the plant size char­
acters become less important and efficiency of light utilization 
characters, canopy rating and specific leaf wei^t, may become more 
important. Plant size characters in cross AX419 appeared to not be 
important in determining seed yield in wide rows, but characters 
determining efficiency of light utilization were no more Important In 
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orosE ^419 than in cross AX418. 
The significant lines x row spacings interactions for seed yield 
in cross AX418 and not in cross AX4l9 may indicate that yield testing 
in narrow rows is needed in mome populations and not others. If 
lines express near their seed yield potential in wide rows and intercept 
most of the available sunlight soon after the beginning bloom stage, as 
may be the case in cross AXM9> then seed yield in wide rows may be 
a good indicator of seed yield in narrow rows and lines may not have 
to be yield tested in narrow rows. When early maturing lines are 
desired, plant size may not be large enough to reach full light 
interception in wide rows soon after the beginning bloom staige, as in 
cross AX418, and then seed yield in wide rows may not be a good indicator 
of hifi^i seed yield in narrow rows. The phenotypic correlations of seed 
yield in wide rows and narrow rows for crosses AX418 and AX419 were 
about equal. However, the genotypic correlations were much hi^er for 
cross AX419 as shown in Table 14 (average r - ,89 for cross AX419 and 
average r - ,61 for cross AX418), and this supports the lack of lines 
X row spacings interactions in cross AX419, Therefore, it is possible 
that lines would need to be tested for seed yield in narrow rows when 
the plants are small in size as those in many of the lines of cross AX418, 
Herltabtllty of Characters 
The heritability estimates obtained in my study were sufficiently 
higtt to indicate that effective selection should be possible for 
iajmïvlng miy of the characters studied ©scept for leaflet area, 
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speolfie leaf weight, and seed yield if a good range of variability 
is attained in the populations. The heritabllity estimates for seed 
yield (H " ,29 to ,78) were lower than those for lodging (H « ,46 to 
i.OO) and the heritabilities for lodging were lower than those for height 
(H " ,73 to 1,00), maturity (H « ,71 to 1,00), and seed size (H • ,65 to 
,96) (Table 17), These relative values are in agreement with those 
reported by Hanson (1962), My heritabllity estimates for seed yield, 
averaging ,44, were somewhat higher than those generally reported. This 
may be a result of the two locations in 1973 being more similar than 
would be true if the same location were used In different years. 
However, heritabllity estimates for other characters were no different 
when estimates were derived from year to year or location to location 
comparisons. My estimates of heritabllity for canopy rating at mid seed 
stage (H - ,45 to 1,00) were similar to those for early lodging 
(H - ,46 to 1,00). Leaflet area had lower heritabilities (H - ,00 to ,51) 
and specific leaf weight showed heritabilities (H - ,22 to ,66) 
similar to those for seed yield (H - ,29 to ,78), It should be 
remembered that this study consisted of two replications with 100 lines 
from each of two crosses. Although bordered plots were used in 1973» 
the heritabllity estimates for most characters essentially are the 
same as estimates fïrom plant rows with two replications. 
Effective selection for an open canopy appeared to be relatively 
easy, as indicated Iqr the average realized heritabllity of ,90, than 
indicated by the average standard unit estimate of ,61, The realized 
heritabllity astlaat® was 5®^ hi^sr than the standard unit ©atimat©. 
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Selection for hi{^ specific leaf weight would be more difficult. 
Average realised heritability estimates were .40 and ,41 for crosses 
AX418 and AX419, respectively. Because realised heritability estimates 
were low, H - ,18 and H » .21 for crosses AXM8 and AX4Î9, respectively, 
selection for small leaf area appears to be the most difficult of all 
characters examined. Effective selection for hi^ seed yield as 
indicated by realized heritability estimates seemed more difficult 
than indicated by standard unit heritability values, especially in cross 
AX418, The realised heritability estimates averaged 16^ lower than 
standard unit heritabllities for seed yield and more nearly estimates 
the response that may be obtained in selecting for yield. Hig^ 
yielding lines must interact more with a change in environment than does 
the population as a whole. 
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SUMMARY AND CONCLUSIONS 
Two populations of randomly selected, advanced generation lines 
of soybeans were grown in plant rows spaced 102 cm apart in 1970 and 
in rows spaced 30.5 and 102 cm apart in two locations in 1973. Plant 
characters were evaluated in wide rows and correlated with seed yield 
in both row spacings in an effort to identify characters that mi^t be 
associated with high seed yield in wide and narrow rows. 
The results of this research support previously reported yield 
advantages of narrow row production in soybeans. Yield response of the 
lines in narrow rows averaged 23^ or 602 kg/ha. The yield advantage 
for narrow rows averaged 255^ when the 10 highest yielding lines in 
each cross in both wide and narrow row spacings were compared. 
The results Indicated that characters associated with hi^ seed 
yield in wide rows generally are not associated with hij^ seed yield 
in narrow rows. In cross AXM8 where plant size did not allow 
lines to attain full light interception soon after beginning tloora 
stage, characters associated with plant size generally were 
associated with seed yield in wide rows. Late physiological 
maturity, long reproductive period, tall plants that lodged, and 
closed canopies all were associated with hi^ seed yield in wide 
rows. Because the lines in cross AX'fl9 were taller than in cross 
AX418, it appeared that many of the lines were not limited by their 
capacity to intercept li^t. Therefore, seed yield was not expected 
to be, and was not, associated with plant size in this cross. 
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In narrow rows, lines genwally attained fbll light Interception 
soon alter the beginning tloom stage. Seed yield In narrow rows was 
not significantly related to ilant size characters except in one location 
(Llebo Farm) of cross AX418, Although the correlation coefficients in 
this Instance were significant, they were small and seem of little value 
practically. 
H101 seed yield in wide rows was associated with hl^ seed yield 
in narrow rows in crosses AX418 and AX419. Because lines of cross AX419 
seemed to attain full light interception soon after beginning bloom, 
lines could yield close to their full potential in both row spaclngs. 
Lines in wide rows of cross AX418 could not attain full lig^t inter­
ception soon after beginning bloom stage. Thus, lines in this cross 
did not yield close to their full potential in wide rows. The signif­
icant lines X row spaclngs interactions and the low genotyplc correlations 
of seed yield in wide rows with seed yield in narrow rows in cross 
AX418 as OMspared to cross AX419 seem to support this conclusion. 
Once size requirements are met, then characters associated with 
efficiency of light utilization, canopy rating and specific leaf weight, 
may become important. My results, however, showed no associations 
between seed yield and open canopies or hi^ specific leaf wel^t. In 
narrow rows, i^ant size characters generally were not important. Small, 
early maturing lines that do not lodge can be as hi^ yielding as 
large, late maturing lines that lodge. %l8 association may be very 
Important from a practical viewpoint. In developing early maturing lines, 
seed yield may have to be sacrificM if the lines are grown in wide rows. 
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Seed yields may not be affected If they are grown In narrow rows. 
The results of linear and curvilinear regression, with seed yield 
in wide rows auid narrow rows as the dependent variable and reproductive, 
canopy, plant, leaflet and seed size as the independent variables, 
indicated that within méiturity groups seed yield in wide and narrow 
rows generally waa not associated with the plant characters measured 
in ray study. Because of the larger plant size of AX419, high seed 
yield in wide rows showed a better association with hi^ seed yield in 
narrow rows than did any other character. This was not evident in 
cross AX418 where no one character was associated consistently with hi^ 
seed yield in narrow rows. Dividing the lines into groups by 
physiological maturity resulted in a decrease in the range for other 
characters as well. It is possible that the decreased variability for 
the characters within maturity groups contributed to the lack of 
association between yield in wide rows and other plant characters. 
Physiological maturity may have been associated with seed yield in 
wide rows throu^ its association with plant size characters or it 
may have been the character causing the variation in seed yield. 
Significant variation among lines and relatively high heritabllity 
estimates for date of physiological maturity (H = ,71 to l.OO), length 
of the reproductive period (H = ,62 to ,98), canopy rating at mid seed 
stage (H - ,^5 to 1,00), lodging at early pod stage (H = .46 to l.OO), 
plant height (H - ,73 to 1,00), and seed size (H <= ,65 to ,96) 
indicate that effective selection for these traits should be possible, 
Heritabllity estimates for leaflet area at beginning bloom stage (H 
89 
,00 to •5l)t «pecific leaf weight at beginning bloom stage (H - ,22 to 
,66) and seed yield (H • ,29 to ,78) were lower, but effective selection 
would be possible with adequate replications and/or locations. All 
traits except leaflet area and specific leaf weight were hi^er in 
heritabllity than seed yield. Because the associations between plant 
traits and seed yield, except in wide rows in cross AX418, were not 
hlg^, selection for these traits as indicators of seed yield appears 
possible only in selecting for high seed in wide rows in cross AX418, 
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APPENDIX 
Table 18, Mean squares for plant characters over environments (1970, 
1973 Bruner Farm, and 1973 Liebo Farm) for cross AX418, 
Source of 
variation d.f. PM PMBB LDGl 
Environment (2) (2158.5*) (1382.7**) (57.26*) 
1970 vs 1973 1 39.5 1303.9** 51.44* 
1973 Bruner vs 1973 Liebo 1 2119.0* 78.8 5.82 
Replication/Environment 3 109.4 29.3 3.25 
Lines 99 455.6** 194.0** 2.20** 
Environment x Lines 198 12.8** 13.2** 0.38** 
Error 297 4.4 4.7 0.20 
* and ** " elgnifleant at the and \% level , respectively 
Table 19# Mean squares for plant characters over environments (1970, 
1973 Bruner Farm, and 1973 Llebo Farm) for cross AX419. 
Source of 
variation d.f. PM PMBB LDGl 
Environment (2) (2476.3**) (2020.6**) (51.40**) 
1970 vs 1973 1 123.3** 1816.6** 43,63** 
1973 Bruner vs 1973 Liebo 1 2353.0** 204.0 7.77 
R eplication/Environment 3 2.6 58.6 0.86 
Lines 99 202.1** 84,4** 1.52** 
Environment x Lines 198 6.2** 8.5** 0,36** 
Error 297 2.6 4.0 0.20 
* and ** " significant at the % and Vfo level, respectively. 
99 
CR2 PHT LA2 SLW2 
(4.04) (6276.8**) (3489322.5*) (1.2900**) 
1.62 6150.4** 3137328.4* 1.2307* 
2.42 126.4 351994.1 0.0593 
1.95 67.9 136207.0 0.0412 
1.70** 1376.2** 13821.5** 0.0049** 
0.25** 66.7** 5583.9** 0.0022** 
0.16 48.1 4195.5 0.0017 
CR2 PHT LA2 SLW2 
(14.98**) (5590.7**) (3717649.5**) (1.1968**) 
14.69** 5587.6** 2740936.7** 1.1651** 
Ô.I9 3.1 976712.8* 0.0317 
0.18 176.7 65567.1 0.0173 
0.88** 742.3** 9509.2** 0.0031** 
0.24** 62.8** 4494.6** 0.0010** 
0.19 35.1 3383.1 0.0008 
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Table 20. Mean and range for characters in AX418 and parents, 1973. 
Cross Cross 
Location Character Hark Provatr mean range 
Bruner Farm PM 94.0 94.0 97.8 80.5-115.5 
PMBB 66,0 66.0 65.3 55.0- 77.0 
LDGl 2.8 2.8 3.0 1.5- 4.4 
CR2 2.4 4.0 3.3 2,1- 4,6 
PHT 108,0 99.0 107.5 78,0-156,0 
LA2 582.5 872.1 706.5 572,0-914,3 
SLW2 .333 .346 .347 .298-.462 
SS12 17.0 22.3 17.9 14.4- 22.0 
SS40 17.3 22.1 17.8 14.3- 21.8 
YD12 3448 2721 3251 2139-3941 
YIAO 2714 2634 2621 1545-3206 
Llebo Fana PM 100.0 100.5 104.4 84.5-120.0 
PMBB 65.5 65.5 66.5 52.0- 76.0 
LDGl 2.5 3.0 3.3 1.6- 4.6 
GR2 2,0 3.7 3.1 1.6- 4.4 
PHT 104.0 96.0 105.9 74.0-145.0 
LA2 463.4 712.0 622,6 501.7-721.1 
SLW2 .386 .413 .382 .327-.472 
SS12 17.3 23.3 18,5 15.5- 23.4 
SS40 16.8 22.9 18.6 15.2- 23.7 
YD12 3658 2869 3104 2535-3771 
YD40 2661 2286 2501 1776-3005 
TaMe 21, Mean and range for characters In AX419 and parents, 1973. 
Cross Cross 
Location Character Hark Wayne mean range 
Bruner Farm PM 94.0 111.0 101.7 90.0-114.0 
PMBB 64.0 70.0 65.0 55.0- 74.0 
LDGl 2.1 2.6 3.0 1,6- 4,3 
CR2 2.5 4.2 3.5 1.9- 4.4 
PHT 107.00 115.0 113.3 89.0-159.0 
LA2 512.2 780.4 721.3 595.4-866.5 
SLW2 .343 .326 .337 .292-.408 
SS12 16.8 18.1 16.5 13.2- 20.0 
SS40 17.3 19.8 17.1 14.2- 20.2 
YD12 3709 3527 3476 2716-4317 
YD40 2917 3046 2889 2294-3597 
Liebo Farm PM 98.5 116.0 108.5 95.0-117.0 
PMBB 64.5 71.0 67.0 56.0- 74.0 
LDGl 2.7 2.6 3.4 1.7- 4.5 
CR2 1.9 4.0 3.4 1.9- 4.4 
PHT 100.0 113.0 113.1 83.0-162.0 
LA2 478.1 610.5 581.5 474,8-708.9 
SLW2 .389 .388 .362 .314-.449 
SS12 18.8 18,2 17.4 13.6- 20.5 
SS40 17.4 18,2 17.4 14.0- 21.0 
YD12 3534 3250 3246 2668-4110 
YD40 2747 2651 2659 2279-3207 
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Ta'ble 22, Mean squares for seed size and seed yield over environments 
(1973 Bruner Farm and 1973 Mebo Farm) for cross AX418, 
Seed Seed 
Source d.f. size yield 
Environments 1 92,75* 3579819.0 
R eplication/Environment 2 1.58 462470,9 
Row spacing 1 0,04 76213709,9* 
Environment x Row spacing 1 1,81 36679.9 
Error (a) 2 1,18 183271,3 
Lines 99 16,13** 369464.8** 
Environment x Lines 99 0.92** 49998.9 
Row spacing x Lines 99 0,67** 100755.6** 
Environment x How spacing x Lines 99 0.46 60105.9 
Error (b) 396 0,37 54511.7 
* and ** » significant at the % and \% level, respectively. 
Ta'ble 23, Mean squares for seed size and seed yield over environments 
(1973 Bruner Farm and 1973 Liebo Farm) for cross AX419, 
Seed Seed 
Source d.f. size yield 
Environments 1 59.73 10583220,2* 
R eplication/Bnvironment 2 6.45 956526.1 
Row spacing 1 16,02 68938456,2** 
Environment x Row spacing 1 16,99 6.5 
Error (a) 2 15.56 1529026.7 
Lines 99 16,84** 310514,5** 
Environment x Lines 99 0,61** 72479.6 
Row spacing X Lines 99 0.31 78553.5 
Environment x Row sparing x Lines 99 0.49** 77782.8 
Error (b) 396 0.35 62462,1 
* and ** = significant at the 5^ and Vfo level, respectively. 
103 
Tatle 24, Line means for 1970, 1973 Bruner Farm, and 1973 Liebo Farm of 
cross AX418, 
Line ftlv. ^ PM PMBB LDGl CR2 PHT LA2 SLW2 SS12^ SS40 YD12^ YI)40^ 
2 1 93.5 64.0 2.8 2.7 105.0 442.9 .542 — mm 16,0 CB mm tmmm 
2 91.0 60.5 3.0 3.0 122.0 716.9 .359 16.4 16.3 3161 2539 
3 98.5 62.5 3.9 2.5 112.0 661.1 .397 16.9 17.5 3202 2515 
3 1 107.5 75.0 2.6 3.3 103.0 455.9 ,462 —— 15.8 —— MM 
2 106.0 70.0 2.6 3.8 117.0 753.9 .356 16.9 16.0 3194 2860 
3 112,5 70.0 3.4 3.5 102.0 583.4 .409 17.0 16.1 3093 2521 
4 1 104.5 75.5 2.2 3.3 104.0 570.6 ,408 —— 18.2 — —— 
2 107.5 73.0 4.0 4.1 126.0 688.5 .335 18.9 17.4 3941 2614 
3 114.5 75.5 4.2 4.0 129.0 584.9 .397 19.4 18,4 3590 2696 
5 1 103.5 72.5 2.2 1.7 93.0 463.4 ,448 16,1 — 
2 98.0 64.0 3.3 3.7 105.0 765.2 .368 17.0 17.7 3269 2801 
3 108.5 69.5 2.6 2.6 96.0 617.7 .386 16.9 17.1 3865 2576 
7 1 92.5 62.5 3.2 2.8 86.0 548.7 .454 —— 16.9 — —— 
2 89.0 59.0 1.8 3.2 90.0 751.9 .356 17.0 18,3 3151 2094 
3 91.5 55.0 2.3 2.8 93.0 747.6 .376 17.9 20,0 2850 2365 
9 1 100.5 70.0 3.5 3.5 116.0 501.0 .438 —— 17.3 — — 
2 97.0 64.0 3.8 3.7 124.0 648.2 .349 18.8 18.5 3324 2740 
3 104.5 66.5 3.3 3.2 119.0 606.9 .526 19.2 19.5 3147 2470 
13 1 103.0 72.5 2.6 3.4 118.0 502,5 .450 —— 17.6 —— — 
2 99uO 67.0 3.7 3.3 133.0 658,5 .403 18.4 18.0 3409 2837 
3 109.5 71.0 4.0 3.5 121.0 644.9 .558 18.3 18.7 3584 2814 
14 1 105.0 74.0 2.4 3.7 106,0 531.3 .442 - - 17,1 ~ — 
2 111.5 69.0 3.7 4.4 111.0 748.9 .301 16.7 16.1 3523 2836 
3 114.5 67.5 4.0 3.6 118,0 561.2 .513 16.9 16.5 3165 26O8 
15 1 100.5 70.5 3.0 3.3 108.0 496.4 .484 —— 17.3 —- —— 
2 95.5 63.5 2.9 3.4 115.0 775.0 .355 16.8 17.7 3053 2846 
3 101.5 64.0 3.6 2.6 109.0 612.0 .482 17.7 18.4 2800 2545 
17 1 95.0 67.5 1.8 2.5 93.0 464.6 .474 —— 18.5 — —-
2 91.0 64.0 2.5 3.1 97.0 684,3 .334 17.9 18.1 3389 2626 
3 94.5 61.0 3.3 2.5 92.0 735.9 .611 19.3 19.0 3028 2551 
20 1 111.0 76.5 3.0 4.0 121.0 603.1 .441 — 17.5 — 
2 113.0 72.0 4.1 4.2 156.0 741.8 .357 16.6 16,6 2681 2382 
3 116.0 70.0 4.0 4.0 145.0 613.1 .512 16.6 17.2 3180 2446 
21 1 107.0 76.0 1.9 2.3 110.0 554.4 .421 —— 18.2 — —-
2 104,5 71.5 3.5 3.8 114,0 717.5 .364 18.7 19.1 2988 2585 
3 112.5 73.0 3.6 3.9 111.0 688,0 .551 18,6 18.7 2974 2370 
^Envirorjnent 1 « 1970j 2 = 1973 Brnner Farm; 3 = 1973 Liebo Farm. 
The saa® code will be used in the following table. 
^Data not available for environment 1, The sme symbol indicating 
data not available will b@ used in the following tabl®. 
Tahle 24, (Continued) 
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Line Env, PM PMBB LDGl CR2 PHT LA2 aLW2 SS12^ SS40 YD12^ YD40^ 
23 1 103.5 71.5 2,4 2.5 112.0 463.8 .532 , — 16.3 — — 
2 104.0 71.0 3.0 3.7 123,0 791.2 .334 19.0 18.8 3728 2840 
3 112.5 74.5 4.1 3.7 114,0 631.8 .501 19.6 19.7 3097 2643 
24 1 93.5 65.5 3.2 2.6 88,0 355.0 .500 — 16.8 — — 
2 100,0 70,5 2,0 3.1 110.0 683.7 .369 17.7 17.8 3387 2681 
3 109.0 74.5 4.3 2.9 115.0 614,0 .535 18.9 18,7 3335 2629 
28 1 89.0 60,0 3.1 3.1 83.0 385.8 .539 — 17.1 
2 89.5 61.5 3.2 3.1 98,0 671.9 .366 16.9 17.1 2913 2208 
3 91.0 56.5 3.6 2.7 104.0 635.5 .522 17.7 17.8 2783 2336 
29 1 100.5 71.0 1.4 2,8 87.0 410.2 .482 — 20.6 — — 
2 96.0 65.0 2.9 2,6 97.0 744.3 .331 20.7 20.7 3611 2657 
3 106.5 72.0 2.9 3.4 87.0 637.8 .368 21,2 21,2 3565 2595 
32 1 94.0 65.5 1.5 2.3 69.0 371.0 .555 — 19.0 — — 
2 86.0 58.5 1.5 2.5 81.0 756.2 .345 19.2 18.4 3092 2428 
3 92.0 57.0 2.0 2.3 85.0 635.5 .377 19.5 20,3 2735 23O6 
33 1 92,0 64,0 1.8 2.5 72.0 392.3 .543 — 19.5 — — 
2 85.5 59.0 2.2 2.7 83.0 705.5 .351 18,6 18,6 3130 2222 
3 91.0 57.5 2,4 1.8 84.0 567.3 .413 19.5 20.4 2627 2196 
36 1 98.5 68,5 2.0 2.7 94.0 392.6 .504 — 18,3 — — 
2 99.5 67,0 3.5 4.1 126,0 827,2 .348 17.7 17.9 3132 2958 
3 108,0 70,5 4.2 3.4 121.0 617.8 .387 17.7 18.1 3235 2744 
3? 1 97.5 68,5 2.1 2.7 90.0 397.0 .550 20,0 — 
2 93.0 63.0 2.6 3.5 96.0 778,2 .337 20.7 20,8 3441 2484 
3 97.5 63.0 3.7 3.1 97.0 657.5 .433 21,4 21,0 3350 2583 
38 1 93.0 67.0 1.3 2.4 66.0 359.0 .598 — 20,3 — — 
2 83.5 58.0 1.6 2.1 78.0 770.9 .325 19.4 20,5 3024 24? 8 
3 91.0 56.5 1.6 1.6 77.0 670.5 .380 20,7 21.3 32I6 2349 
40 1 107.5 76.0 2,0 3.0 102,0 362.8 .487 — 18,5 — — 
2 101,0 68,5 3.6 3.4 109.0 628.8 .344 19.2 18,7 3515 3042 
3 112,0 74.5 3.8 3.2 116,0 517.3 .373 19.4 19.2 3776 2607 
41 1 104.5 74,5 3.4 3.5 128,0 399.1 .518 — 17.0 — — 
2 101.5 68.0 3.3 3.1 126.0 660.9 .384 17.5 18.5 3221 2956 
3 111.5 72.0 4,4 3.3 134.0 537.1 .376 17.9 18.9 3195 2576 
42 1 97.5 68.0 2.1 2.5 85.0 396.1 .536 — 18.7 — 
2 91.5 64,0 2.7 2.9 96.0 743.1 .355 18.4 17.1 3423 2546 
3 97.0 61,0 2.5 2.1 87.0 622.5 .416 19.3 19.0 3230 2479 
46 1 104.5 72,5 2.3 3.5 109.0 580.7 .485 — 16.9 
2603 2 104.5 68.0 3.1 3.4 112.0 782.5 .347 17.7 17,0 3063 
3 112.0 71.0 4,0 3.8 111.0 679.0 ,402 18.7 18,3 2896 2492 
1 95.0 66.0 1.8 2.5 86.0 355.8 .559 — 19.1 — 
2 90.0 61.5 2.1 2,2 92.0 737.1 .342 18.8 19.5 3502 2810 
3 93.5 58.5 3.2 3.1 92,0 561.1 .391 20.5 20.1 2876 2397 
51 1 104.5 74.0 1,7 3.1 90.0 421.0 .509 — 17,0 
3469 
— 
2 98.0 66,0 2,3 3.0 96,0 731.1 .313 18.4 18.3 2895 
3 107.5 68.5 3.3 3.7 94,0 646.8 .348 17.7 18,5 3265 2914 
Table 24. (Continued) 
105 
Line Etiv.^ PM PMBB IDGl CR2 PHT LA2 SLW2 SS12^ SS40 YD12^ YD40^ 
I4 î 86.0 61.5 1.4 2.7 66.0 368.7 .546 — Î57Î := " 
2 84.5 58.0 1.5 2.5 78.0 689.4 . 364 18.6 17.0 3166 2103 
3 90.0 58.0 1.9 1.9 79.0 613.1 .405 21.6 21.9 3161 2268 
55 1 94.5 66.0 1.6 2.9 83.0 503.2 .WO — 18,9 — 
2 92.0 61.0 1.7 2.4 86,0 680.9 .332 19.5 20.0 3465 2662 
3 94.5 58.5 2.2 2.1 89.0 654.6 .385 20.5 21.4 3443 2771 
56 1 90.5 65.0 2.5 2.3 87.0 338.6 . 549 - 15.4 --
2 87.5 59.5 2.5 2.6 94.0 651.3 . 402 17.3 16.9 3407 2456 
3 92.5 59.0 2.8 2.3 93.0 539.7 .408 18.5 17.8 3212 2383 
57 1 108.0 73.5 2.2 3.2 97.0 505.9 .490 — 16,4 — 
2 107.0 67.0 3.9 4.2 119.0 740.5 .331 17.0 17.2 3090 2257 
3 112,0 76.0 2.9 2.6 99.0 575.9 .365 17.4 17.0 263I 2231 
58 1 96.5 66.5 2.6 2.8 104.0 544.5 .494 — 17.7 — 
2 91.5 61.0 3.5 3.9 106.0 773.6 .361 18.6 18.5 3105 2290 
3 97.0 64.0 3.9 3.1 108.0 631,3 .381 18.5 19.9 3299 2392 
60 1 119.0 82.5 2.6 3.7 134.0 517.0 .446 — 15.5 — 
2 115.5 76.0 3.4 4.0 145.0 745.1 .346 17.4 I5.0 2881 2654 
3 120.0 75.0 4.5 4,3 143.0 646.1 ,409 15.5 16.0 2535 2525 
62 1 106.5 76.0 2.4 3.6 115.0 603.2 .437 — 18.4 — 
2 101.0 67.0 3.5 3.5 116.0 646.8 .380 18.4 18.4 3768 2644 
3 109.0 73.5 3.5 3.4 I05.0 698.0 .382 I9.0 18.6 3330 2699 
63 1 102.0 71.0 2.2 2.7 109.0 534.5 .481 — 16.3 — 
2 100.0 62.0 3.1 3.0 114.0 686.4 .36I 16.9 16,3 3803 2929 
3 110.5 70.5 3.3 3.1 107.0 621.8 .414 17.2 17.0 3390 2518 
64 1 87.0 63.0 2.3 2,6 82,0 396.6 .618 — 16.8 — 
2 84.5 59.5 2.3 2.6 92.0 705.5 .366 18.8 18.8 3154 2287 
3 91.0 59.0 2.2 2.1 101.0 598.3 .390 19.9 18.7 2877 2314 
65 1 106.0 74.5 2.3 3.3 111.0 558.0 .427 — 19.2 — 
2 104.0 68.5 3.6 3.9 107.0 726.7 .329 19.4 17.4 2763 2460 
3 112.5 73.5 3.9 3.6 119.0 665.5 .379 19.6 18,6 2747 2347 
66 1 103,5 73.0 2.8 3.0 120.0 541.2 .428 — 17.6 — 
2 101.0 65.0 3.4 2.7 114.0 726.9 .330 18,4 18,4 3045 2777 
3 112,5 72,5 4.1 3.4 124.0 686.5 .355 19.0 18,7 3225 2525 
67 1 98.0 69.5 3.5 3.6 97.0 400.1 .452 — 17.9 — 
2 93.5 63.5 2.2 2.6 106.0 603.9 .350 17.9 17.7 3305 2659 
3 101.0 63.5 3.6 3.3 111.0 625.8 .388 18.3 18.8 3052 2545 
68 1 90.0 62.5 2.9 2.9 87.0 470.3 .^0 — 16.6 — 
2 89.0 61.0 2.9 3.0 104.0 730.1 .325 17.8 17.5 3125 2223 
3 92.5 58.5 3.3 3.0 104.0 658.9 .427 18.2 19.1 2819 2304 
69 1 95.0 65.5 2.8 3.1 96.0 455.4 .492 — 16.5 — 
2 92.0 64.0 3.3 3.6 106.0 726.0 .355 18.3 11.0 3491 2565 
3 98.5 63.5 3.5 3.6 104,0 551.4 ,369 17.7 18.7 3315 2421 
70 1 102.5 72.0 2.6 3.4 99.0 484.2 .433 — 18.3 — 
2 107.0 70.5 3.3 3.0 117.0 722.2 .346 18.6 18.4 3229 2832 
3 113.0 73.0 3.5 4.1 108.0 585.7 .356 19.6 19.1 2869 2555 
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Table 24. (Continued) 
Line Bnv, * PM PMBB LDGl 0R2 PHT LA2 SLW2 SS12^ SS40 YD12 YD40 
71 1 105.5 73.0 2.6 3.3 110.0 531.1 .476 — 16.3 — — 
2 104.0 68.0 3.4 4.0 121.0 743.6 .338 18,6 17.2 3467 2585 
3 112.0 69.5 4.1 3.8 119.0 689.3 .375 19.3 18,6 3030 2463 
73 1 89.5 62.0 2.2 2.2 84.0 341.2 .557 — 15.1 — — 
2 92.0 64.0 2.4 2.6 100.0 639.6 .363 17.7 16.2 3748 2370 
3 94.0 57.0 2.6 1.8 99.0 501.7 .368 17.5 17.2 3185 2345 
74 1 114.0 80.0 2.3 3.4 118,0 477.4 .437 — 15.7 — — 
2 112.5 71.5 3.5 3.9 119.0 645.3 .329 14.9 14.6 2140 2516 
3 116.0 73.5 3.5 3.7 110.0 622.7 .356 15.8 15.9 2825 2444 
75 1 103.0 72.0 1.9 2.8 103.0 572.1 .435 — 20.7 — — 
2 98.5 66.5 2.5 2.7 111.0 732.5 .349 20.0 19.8 3240 2843 
3 110.0 73.0 3.2 3.0 105.0 660.9 .395 20.0 21.1 2401 2709 
77 1 115.5 79.0 2.4 4,2 116.0 547.1 .446 — 15.2 — — 
2 114.5 74.0 3.8 4.1 125.0 684.4 .322 16.2 15.9 3477 32O8 
3 117,5 74.0 4.2 3.9 140.0 659.9 .350 17.2 16.5 3482 2822 
81 1 108.0 76.0 2.9 3.5 105.0 513.6 .450 — 17.8 — — 
2 107.5 75.0 3.7 4.0 118.0 695.9 .318 19.3 19.5 3136 2515 
3 114.5 76.0 4.0 3.7 120.0 659.5 .352 19.2 19.4 2677 2303 
83 1 112.5 80.5 3.2 3.1 112.0 467.4 .448 — 15.6 — — 
2 112.5 77.0 4.3 4,2 113.0 643.0 .369 16.2 15.6 3446 2903 
3 115.5 74.5 4.2 3.2 122.0 560.5 .344 16.3 16.6 3124 2700 
84 1 108.5 78.0 2.3 3.4 113.0 594.8 .369 — 19.2 — — 
2 94.5 62.0 2.2 2.8 98.0 698.3 .322 18.5 18.5 3716 2738 
3 100.0 62.0 3.6 3.1 94,0 336.2 .348 19.3 18.6 3200 2667 
85 1 108.5 75.5 1.9 3.6 101.0 497.0 .482 — 15.8 — 
2648 2 105.0 70.0 3.6 4,0 117.0 914,3 .328 14,4 14.3 2965 
3 112.0 72.5 3.9 3.3 113,0 663.1 .358 16,3 15.9 2748 2487 
86 1 110.0 78.5 2.0 3.2 110.0 418,1 .485 — 19.1 — 
2796 2 102.5 69.5 3.2 3.4 117.0 656,4 ,366 18.5 19.3 2996 
3 111.5 74.0 3.3 3.4 113.0 564,3 .392 18.9 19.4 3015 2614 
87 1 106.0 75.0 2.4 2.9 109.0 504.1 .494 — 16.1 — 
2704 2 97.5 61.5 3.0 3.3 107.0 795.7 .362 17.2 16.6 3321 
3 109.0 67.5 3.2 3.6 98.0 599.3 .383 16,5 £7.3 3005 2425 
88 1 109.0 77.5 2.1 3.2 113.0 492.7 .479 — 17.7 
2969 
— 
2 109.5 73.0 4.1 3.5 128.0 704.3 .340 17.6 16.7 2725 
3 115.5 75.5 3.3 3.3 117.0 676.4 .397 18,3 18.2 2978 2693 
89 1 99.0 69.5 1.6 2.7 90.0 426.1 .545 — 18,0 
3156 
— 
2 98.5 67.5 3.3 3.3 110.0 719.4 .348 18,8 19.2 2730 
3 107.0 71.0 3.0 3.1 114.0 579.3 .375 18,9 19.7 3030 2148 
91 1 102.0 71.5 1.5 3.1 78.0 398.8 .528 — 17.9 — 3006 2 105.0 66.5 3.3 4.6 92.0 752.3 .365 16.4 15.6 3323 
3 111.5 70.0 4.0 3.9 91.0 616.2 .365 16,3 16,2 3332 2735 
92 1 103.5 73.0 2.0 3.2 93.0 390.9 .541 — 18,1 3114 2910 2 114.0 76.0 3.5 4.0 117.0 627.2 .329 20,1 20,6 
3 117.0 73.0 3.9 3.9 117.0 653.1 .389 20.7 20,4 2816 2767 
Ta"ble 24, (Continued) 
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Line 
94 
95 
96 
99 
100 
101 
102 
103 
104 
105 
106 
108 
109 
110 
111 
Biv, ^  PM PMBB LDGl CR2 PHT LA2 SLW2 SS12^ SS40 YD12^ 
1 107.5 74,5 3.0 3.4 116,0 409,2 .527 — 16.3 — 
2814 2 103,5 66,0 3.0 3.7 102,0 701,0 .329 18.2 16,5 3122 
3 113.5 73.5 3.5 3.9 124.0 586.1 .383 18,2 17.7 3294 2518 
1 112.0 75.5 2.0 3.8 104.0 510.7 .459 — 16.3 — — 
2 113.0 72.5 4,1 4,2 109,0 664,3 .298 16.2 16,2 3114 2738 
3 116.5 74.0 3.6 3.3 103.0 628.9 .355 15,9 16.4 3355 2727 
1 100.5 69.5 2,1 2,8 106,0 420,2 .553 — 17.0 — — 
2 94.5 59.0 3.1 3.3 117.0 730.7 .365 17.0 17.5 2906 2939 
3 107.0 66,5 4.1 3.8 116,0 651.6 .376 18,1 17.6 3244 2574 
1 91.0 66.0 1.8 2,8 71.0 334.2 .612 — 20,8 — 
2 85.0 58.5 2.2 2.4 83.0 692.7 .395 19.9 20,4 2950 2169 
3 90.0 57.5 2.3 1.8 84,0 590.0 .407 21.5 22,3 2831 2075 
1 100,0 69.5 1.8 3.1 112.0 470.5 .477 — 17.2 — 
2966 2 98.5 66,5 3.3 3.4 128,0 713.4 .307 18.0 18,3 3176 
3 108.5 71.0 3.9 3.9 132.0 666,3 .376 18.5 18,6 3239 2600 
1 85.0 60,5 2.5 2,7 74,0 320,6 .638 — 15.2 — — 
2 84.5 58,0 2,0 2,6 96,0 729.0 .363 17.2 17.6 2852 1907 
3 88.0 55.5 2.5 1.6 88,0 643,8 .436 18.2 18,2 2909 2039 
1 99.5 68,5 2,6 2.9 104,0 490,3 .528 — 18,3 — — 
2 97.0 59.5 3.^ 3.5 110,0 787.1 .335 19.5 18,4 3430 2782 
3 106.5 66,5 3.^ 3.7 105.0 792.1 ,408 19.2 19.2 3274 2859 
1 90,0 63.0 1.9 2,4 89.0 431,3 .450 — 15.9 — 
2445 2 90,0 64,0 2,8 2,8 101.0 723.7 .372 18,4 17.7 3177 
3 92.0 59.0 3.0 2,2 101.0 566,7 .350 19.1 18,9 3313 2189 
1 95.0 67.0 2.4 2,4 79.0 321.8 .594 — 19.9 — 
2604 2 88,5 61.5 2,0 2,2 92.0 615.3 .350 20.4 19.8 3112 
3 95.0 61,5 2,3 1.9 90.0 544.6 ,397 21,4 21,9 3291 2361 
1 100.5 71.5 2.8 2,8 100.0 400,0 .512 — 17,4 — 
2828 2 96,0 64.5 3.0 2.8 118.0 694.6 .356 19.3 18,6 3533 
3 100,0 62,0 3.3 2.7 111,0 573.8 .383 18.7 19.8 3384 2614 
1 103.0 73.0 2.3 2.8 105.0 443.3 .485 — 18.0 
3624 2895 2 98.5 64,5 3.3 3.2 114.0 757.3 .327 19.1 17.8 
3 108,0 68,0 4.5 3.7 112.0 702,5 .342 19.4 19.3 3240 2715 
1 91.0 63.0 1.7 3.0 67.0 358.4 .570 — 19.0 — 
2398 2 88.0 62,0 1.8 2.6 78.0 696,6 .335 18.4 19.1 2925 
3 92.0 58.0 2,0 1.9 83.0 599.0 .355 20.8 21.0 2979 2369 
1 105,0 75.0 3.3 3.2 116,0 409.3 .543 
16,5 
15.5 
3491 2694 2 105.5 70.0 4,1 3.3 111.0 653.6 .349 15.7 
3 114,5 74.5 4,6 3.^ 115.0 583.7 .364 16,7 15.8 3331 2463 
1 105,0 74.0 1.9 3.4 106,0 464,9 .477 — 17.8 
3430 2682 2 101,0 67.0 2.9 3.9 115.0 616,4 .332 17.2 19.5 
3 111,5 70,0 3.3 3.5 101.0 559.0 .390 18,8 19.2 3373 2767 
1 82,0 57.0 2,0 2.3 67.0 282.3 .654 — 14.9 — 
1545 2 80.5 55.0 2,1 2.6 84.0 605.2 ,462 16,1 16.3 2800 
3 85.0 53.0 2,3 1.8 82.0 567.6 ,412 17.4 17.0 2614 1776 
108 
Table 24. (Continued) 
Line Etiv, M PMBB LDGl GR2 PHT LA2 SLW2 SS12 SS40 YD12 YD40 
112 1 105.5 74.5 2.2 3.4 113.0 396.5 .561 — 15.1 — — 
2 102,0 67.0 3.8 3.4 134.0 572.0 .353 16,7 17.5 3175 2659 
3 109.5 71.5 4.3 4.2 132.0 638.8 .371 17.3 18,1 3138 2661 
113 1 104.0 74.5 1.6 3.6 85.0 458.6 .476 — 18,2 — — 
2 106.0 71.0 3.1 4.2 91.0 819.2 .340 18.4 18,2 3633 2623 
3 112.0 74.5 1.9 3.0 92.0 694,4 .345 18.0 18,5 2871 2718 
115 1 93.0 66.0 1.7 2.8 81.0 367.9 .568 — 18,6 — — 
2 90.5 61.5 2.0 2.8 97.0 638.7 .360 18.3 19.4 3264 2883 
3 95.0 62.0 2.7 2.8 92.0 584,7 .380 20,4 20.9 3270 2539 
116 1 105.0 72.0 3.4 3.5 110.0 514.1 ,484 — 17.9 — — 
2 101.0 65.0 4.4 3.7 112.0 771.2 .326 18.0 18.3 3221 2828 
3 113.0 73.0 4.4 4.0 116.0 634.5 .366 18.6 19.1 3487 2607 
117 1 106.0 76.0 3.1 3.3 108,0 352.3 .537 — 16.0 — — 
2 105.5 72.0 3.9 4.0 117.0 629.7 .314 16.9 16.9 3524 2765 
3 113.5 75.0 4.3 3.6 110.0 589.8 .382 17.3 17.4 3548 2602 
118 1 93.0 68.5 1.6 3.0 80,0 368.2 .589 — 21,2 — — 
2 86.0 60.0 1.9 2.7 91.0 846,2 .329 22,0 19.3 2851 2112 
3 91.0 58.0 2.4 2.7 86,0 590.6 .394 23.4 23.7 2817 2193 
119 1 91.0 63.0 1.7 2.7 67.0 251,3 .685 — 17.8 — 
2 84,5 57.5 2.0 2.9 85.0 605.9 ,350 17.6 17.8 3850 2331 
3 91.0 57.5 2.0 2.3 90.0 571.8 ,402 18,1 17.5 2970 2617 
121 1 104,0 71.0 3.2 3.4 108,0 552.0 .474 15.4 — — 
2 98.5 60.5 3.9 3.5 121.0 710.0 .348 15.7 15.9 3452 2715 
3 108,0 64.5 4.6 3.5 123,0 623.1 .341 16,1 16.2 3022 2578 
122 1 103.0 72.5 2.6 3.5 126.0 460.4 .507 — 17.8 — — 
2 99.5 66.5 3.2 3.4 142,0 606.6 .370 18,8 18.4 3263 2736 
3 111.5 72.0 4.2 3.5 134.0 527.7 .372 19.0 19.9 3258 2584 
128 1 108.5 77.0 2.8 3.1 118,0 507.6 .437 — 15.5 — — 
2 110.5 75.0 3.5 3.5 123.0 659.9 .330 16.4 15.9 3476 2553 
3 113.0 72.5 3.4 3.9 127.0 638.8 .339 16,1 16.4 3084 2375 
132 1 84.0 59.0 2.0 2.5 76.0 365.9 .603 — 16.7 
3266 
— 
2 81.5 54.0 2.4 3.0 100.0 773.8 .393 18,7 18,6 2245 
3 84.5 52.0 2.3 1.7 102.0 664.2 .472 19.5 19.0 3015 2053 
133 1 95.5 67.0 3.2 2.9 100.0 444.3 .489 — 15.1 
3644 
— 
2 93.5 63.5 3.0 2.7 99.0 623.5 .362 16,4 16.5 2701 
3 97.5 64.0 3.9 2.9 115.0 602.7 .377 17.3 16,4 3048 2369 
136 1 110.0 76.0 1.8 3.8 93.0 478.1 .457 — 14,9 — 
2828 2 106.0 68.5 3.5 3.5 106.0 697.4 .359 15.2 17.7 3591 
3 112.5 75.5 3.1 3.6 95.0 629.2 .387 16.7 15.5 3735 2676 
137 1 104.0 71.5 2.4 3.2 95.0 485.3 .486 — 16,0 — 
2796 2 100.0 63.5 3.0 3.7 104.0 682,6 .327 16.9 16,7 3470 
3 110.5 70.0 3.9 3.3 96.0 585.4 .349 16,5 17.5 3286 2631 
138 1 111.5 79.5 2.7 3.4 112.0 483.5 .432 — 13.9 — — 
2 105.5 70.0 3.3 3.5 121.0 733.6 .407 16,0 15.6 3190 2813 
3 112.0 72.0 4.3 3.9 123.0 623.9 .358 16.5 15.2 3233 2579 
109 
Table 24, (Continued) 
Line Env,® • PM PMBB LDGl CR2 PHT LA2 ! 3LW2 SS12b SS40 YDl2t YD40t) 
142 1 105.5 75.5 1.6 2.9 95.0 432,0 ,460 — 18,6 — — 
2 104.5 67.0 2.5 3.1 106,0 749.2 .329 18.7 19.6 3029 2740 
3 113.0 70.5 2.5 2.6 100,0 565.3 .356 18.7 19.0 2929 2460 
146 1 86.0 60.5 1.6 2,4 72,0 373.7 .529 — 17.6 — — 
2 83.0 57.0 2.0 2,5 86,0 646,3 .311 19.2 19.2 2891 2323 
3 88.0 54.5 2.1 1.8 85,0 621,8 ,429 19.5 19.9 2601 2139 
147 1 99.5 67.5 2.4 2,9 103.0 537,2 ,456 — 17.2 — — 
2 92.5 61.5 3.0 3.7 110,0 712,2 .347 17.3 17.3 3367 2771 
3 98.0 60,0 3.3 2.8 105.0 649,0 .384 17.7 17.7 3266 2643 
148 1 94.5 65.5 1.6 2,4 76,0 405,5 .473 - - 20,4 — — 
2 90.5 63.0 2.0 2.5 88,0 733.3 .345 20,5 20,5 3096 2370 
3 96.0 60.5 2,2 2.4 86,0 703.4 .387 20,9 21,7 3152 2704 
149 1 116.0 80.0 2.2 3.8 106,0 490.9 .497 — 16,0 — — 
2 113.0 72.0 4.2 4.4 121.0 679.8 .305 15.8 15.8 3666 2861 
3 116.0 71.0 4.5 4,4 111,0 674,7 .356 16,8 16,8 3295 3005 
151 1 87.5 60.5 2.5 2.7 83.0 354.3 .549 — 16,5 — — 
2 82.0 57.0 1.8 2.4 93.0 640.8 .382 16,9 16,9 2794 1733 
3 86.5 53.5 2.2 1.6 90,0 615,4 .464 18,8 18,6 2685 1778 
152 1 101.0 67.5 1.9 3.1 108.0 531.4 .445 — 17.2 — — 
2 99.5 62.0 3.6 3.9 108.0 680.8 .317 18,2 18,2 3005 2585 
3 108.0 63.5 3.9 3.8 109.0 756.7 .327 18.7 18,5 3135 2479 
153 1 115.0 82.5 2.0 3.3 110.0 485.2 .504 — 16,3 — — 
2 113.0 74.0 4.0 4,0 125.0 696,6 .339 17,0 17.0 3051 3092 
3 114.0 70.0 4.0 3.8 112,0 612,3 .350 16,9 16,3 2999 2601 
154 1 97.0 67.5 1.4 2.8 73.0 469,1 .469 — 20.6 — — 
2 91.0 60.5 1.7 3.1 79.0 719.4 .342 19.5 19.5 3144 2806 
3 98.0 62.0 2.0 2.5 74,0 529.5 .380 20.3 21.8 3122 2722 
156 1 86.0 58.5 1.6 2,6 75.0 445.5 ,490 — 18,2 — — 
2 86.0 58.5 2.1 2,5 98,0 721,7 .328 18,4 18,4 2910 2287 
3 91.5 56.0 2.4 2.0 89.0 777.1 .374 19.8 19.5 2927 2410 
157 1 88.0 60.5 2.2 2.8 80,0 405,3 .524 — 16,5 — 
2 99.0 70.5 3.2 3.4 110,0 663,4 .347 18,8 18,8 3048 2862 
3 100.0 64.5 3.2 3.6 120,0 671,7 .371 18,8 18,4 3413 2327 
161 1 92.0 65.5 1.7 2.5 67,0 332,2 .570 — 18,4 — — 
2 85.5 60.0 2.2 2,7 85.0 684,2 .340 18,8 18,8 2892 2318 
3 91.5 57.0 2.3 1.9 83.0 529.6 .466 19.3 20,4 2653 2353 
162 1 toi. 5 75.0 3.3 3.3 107,0 377,0 .485 — 16,9 — — 
2 105.5 69.5 4.2 4,2 120,0 712,3 .328 16,7 16,7 4077 2803 
3 111.5 72.5 4.2 3.8 116,0 553.2 .363 17,1 16,9 3432 2580 
Table 25. Line means for 1970, 1973 Bruner Farm, and 1973 Liebo Farm, 
cross AX419. 
Line Env, ^ PM PMBB LDGl GR2 PHT LA2 SLW2 SS12^ SS40 YD12^ YD40^ 
401 1 106.0 75.0 3.1 3.1 118.0 414.5 .493 — 14.6 — — 
2 98.0 61.5 3.5 3.9 126.0 783.6 .328 13.7 14,3 3O8I 2507 
3 107.0 65.5 3.5 3.5 107.0 612.2 .389 15.0 14.3 3159 2303 
403 1 93.0 64.0 2.8 3.7 90.0 452.6 .493 — 18.2 — — 
2 92.0 63.5 3.0 3.4 92.0 712.6 .320 18.8 19.5 3656 2791 
3 96.0 60.0 2.1 3.4 95.0 670.8 .368 20.5 20.2 3423 2909 
404 1 102.5 71.5 2.4 3.0 102.0 390.0 .547 — 19.8 — — 
2 99.0 66.0 3.0 3.2 120.0 687.5 .365 18,3 18.8 3639 3307 
3 108.5 70.0 4.0 3.4 118.0 533.1 .386 19.7 20.4 3729 2977 
409 1 97.0 65.5 1.6 3.0 89.0 452.8 .411 — 17.3 — — 
2 93.5 58.5 2.8 3.6 98.0 836.5 .299 17.5 17.8 3748 2999 
3 102.0 64.0 2.0 2.3 95.0 673.8 .358 17.9 18.0 3087 2790 
410 1 94.0 66.5 1.7 2.8 92.0 474.5 .537 — 18,0 — — 
2 91.5 63.0 3.0 3.4 110.0 759.0 .342 16.7 16.1 3494 2668 
3 96.0 61.0 2.8 3.8 105.0 562.5 .415 17.3 17.7 3270 2522 
411 1 109.5 76.5 3.2 3.8 110.0 445.3 .504 — 16.7 — — 
2 106.5 68.5 2.6 4.0 118.0 685.0 .348 17.7 17.6 3562 2892 
3 113.0 70.5 4.2 4.1 117.0 533.0 .370 17.7 18.4 3523 2769 
413 1 105.5 74.5 2.0 3.1 102.0 509.0 .454 — 18.4 — — 
2 104.0 66.5 2.8 3.2 109.0 862.7 .322 18.3 19.3 3288 3005 
3 112.0 70.5 4.3 3.4 110.0 582.2 .358 19.9 19.7 3432 2540 
414 1 96.5 67.0 1.7 2.2 100.0 336.0 .592 — 17.8 — — 
2 93.0 63.0 2.7 2.6 108.0 720.0 .342 16,6 17.3 3860 2620 
3 97.0 61.0 2.4 1.9 99.0 575.1 .372 17.2 17.3 3102 2731 
416 1 95.5 66.5 1.7 2.7 86.0 487.8 .513 — 18.7 — — 
2 92.0 61.0 1.8 2.8 89.0 620.4 .333 18.4 18.6 3402 2737 
3 98.0 59.5 1.8 2.6 83.0 474.8 .356 18.9 19.4 2862 2407 
417 1 98.0 68.0 1.6 2.2 92.0 377.9 .568 — 18.3 — — 
2 93.0 60.5 1.6 1.9 99.0 703.7 .362 16.5 17.4 3521 3095 
3 100.5 62.0 2.1 2.2 93.0 502.6 .356 18.1 16,8 3185 2551 
419 1 100,0 70.0 2.5 3.1 90.0 477.0 .444 — 19.3 — 
2914 2 97.0 61.5 2.8 3.9 100.0 616,6 .292 17.8 17.7 3509 
3 103.5 62.5 3.9 3.9 92.0 655.1 .346 18.6 17.6 3177 2722 
420 1 101.0 69.5 3.1 3.5 106.0 498.7 .466 — 17.9 — — 
2 95.0 57.5 3.0 2.8 112.0 698.2 .352 18.5 18.9 3548 3020 
3 103.5 61.5 4.1 4.2 110.0 559.0 .373 19.4 20,7 2779 
423 1 103.0 69.0 3.1 3.3 93.0 427.8 .472 — 1€;T — 
2 100.0 61.5 2.6 3.6 104.0 816.1 .346 17.8 18.4 3309 2818 
3 108.5 66.5 3.7 3.6 110.0 690.8 .352 18.4 18.0 2897 2526 
427 1 108.0 74.5 1.7 2.9 99.0 432.5 .511 — 15.5 — — 
2 103.0 64.0 2.8 3.6 112.0 746.2 .333 15.1 15.6 3392 3071 
3 109.5 65.0 2.2 3.3 115.0 567.7 .377 15.8 15.2 3046 2565 
428 1 108.5 75.5 1.7 3.0 104,0 419.2 .476 — 16.7 — — 
2 103.5 65.0 3.2 3.7 110.0 717.4 .343 16.2 16.7 3252 2818 
3 112.5 70.5 3.1 3.0 108.0 502.8 .317 17.8 18,5 3349 2845 
Ill 
TaHe 25. (Continued) 
Line Env, ^ PM PMBB LDGl GR2 PHT LA2 SLW2 SS12^ SS40 YD12^ YD40^ 
430 1 112.5 74,5 2.1 3.2 119.0 576.1 .423 - 15.3 __ __ 
2 112.0 73.0 3.8 3.7 132.0 666.7 .340 16.4 17.0 3336 2788 
3 116,5 73.0 2.7 3.9 127.0 566,9 .326 16,7 16.3 2668 2698 
434 1 95.5 63.5 2.5 2.7 110.0 460.7 .503 - 15.9 — — 
2 94,5 58.5 3.0 3.1 114.0 722.7 ,353 15.9 16,7 3495 2625 
3 101.0 60.0 3.7 3.2 116,0 524,8 .354 17.3 16,9 3615 2570 
435 1 105.5 75.0 2.0 2.8 97.0 402,2 .503 - 17.9 — 
2 98.5 61.0 2.8 3.0 102.0 787.8 .334 17.1 17.3 4295 2835 
3 106.5 68.0 2.3 2.4 101,0 610.1 .356 17.3 17.5 3385 2927 
436 1 102.5 72.5 3.4 2.6 114.0 462,5 .504 — 19.0 — — 
2 101.0 67.0 2.6 2.9 118.0 609.4 .369 19.3 18.9 3866 2991 
3 110.0 71.5 3.7 3.7 133.0 544,2 .379 18.4 19.0 3674 2803 
437 1 96.0 62.5 2.1 2.5 89.0 356.9 .479 - 16.4 — — 
2 95.5 58.5 3.1 2.7 95.0 643.0 .315 15.7 16.2 3282 3032 
3 101.5 60.5 3.0 3.5 98.0 554.9 .341 16.7 16.4 3056 2563 
439 1 103.5 72.5 2.2 2.7 99.0 369.2 .551 - 15.9 — — 
2 100.0 65,5 3.4 3.9 114.0 662,4 .336 13.6 14.3 3312 2791 
3 108,0 65.0 3.7 3.0 105.0 524.5 .379 13.9 14.8 3133 2750 
440 1 100.5 70.0 2.1 3.3 99.0 492.1 .433 — 17.4 — — 
2 99.5 62.5 3.0 3.5 109.0 703.8 .316 17.0 17.5 3643 2789 
3 108,5 68.5 3.7 3.9 105.0 613.7 .356 18.2 18,2 3057 2667 
1 99.5 69.0 3.2 3.1 102,0 368,6 .504 — 18,1 — — 
2 98,0 63.0 2.6 3.0 116,0 680,4 .341 18,0 18,6 3708 2880 
3 107.5 67.0 4.4 3.2 116,0 587.8 .375 19.2 20.2 3437 2831 
443 1 100.0 70,0 2.1 2.9 110,0 495.2 .460 — 17.7 — — 
2 98.5 64.0 3.7 3.6 124,0 827.8 .315 17.0 18.0 3312 2763 
3 106.5 67.0 3.9 3.5 120.0 556.0 .360 17.8 17.8 3168 2638 
444 1 106,0 75.5 1.7 2.9 98.0 490.6 .432 — 17.9 — — 
2 106.5 66,5 3.2 3.3 107.0 736.4 .322 18.5 18.4 3633 3173 
3 111,0 68.0 2.9 3.7 107.0 633.2 .320 18.4 18.2 3162 2676 
445 1 97.0 67.0 1.5 2.5 92.0 400.4 .523 — 19.2 — — 
2 93.5 61.5 2.0 3.3 97.0 786.9 .350 18.1 18,3 3731 2993 
3 102.5 63.5 1.9 2.2 94.0 599.1 .374 19.7 19.2 3333 2822 
446 1 105.0 74.5 2.1 2.7 108,0 371.9 .526 — 17.8 — — 
2 111.5 73.0 3.3 3.8 118.0 720.4 .354 17.9 18.1 3492 2764 
116.0 73.0 3.7 3.3 118.0 509.2 .353 18.2 18,2 2934 2483 
447 1 112.5 77.5 1.8 2.7 100.0 383.6 .503 — 18.0 — — 
2 106.0 69.5 2,9 3.4 111.0 672,9 .333 17.1 19.0 3656 3597 
3 114,0 72.5 3.2 3.1 107.0 663.0 .376 18.3 18,7 3952 3207 
448 1 101.5 71.0 2.5 2.9 104.0 462.0 .502 — 18.7 
383% 2788 2 98.0 64.0 3.6 3.5 120.0 721.4 .346 18.1 19,1 
3 105.5 66.0 4.1 3.8 111,0 582.4 .381 20.2 19.5 3614 2548 
450 1 98.0 68.0 2.8 2.8 93.0 563.0 .475 -- 18,0 
35Î5 
— 
2 96.0 59.5 2.9 3.2 102.0 799.0 .350 18,5 18.6 2727 
3 100,0 58.5 3.4 3.7 99.0 560.9 .363 19.5 19.9 2857 2499 
Table 25» (Continued) 
112 
Line Bnv, ^  PM PMBB LDGl GR2 PHT LA2 SLW2 SSI 2^ SS40 YD12^ YD40^ 
453 1 99.5 69.0 1.8 2.7 100.0 515.0 .455 — 18,6 — 
2 96.5 62.0 2.6 2.7 107.0 759.3 .322 18,2 18,9 3369 2973 
3 102.5 63.0 2.8 3.1 109.0 607.7 .356 18,6 19.0 3020 2501 
457 1 101.0 71.0 3.6 3.7 119.0 353.5 .498 — 17.4 — — 
2 98.0 63.0 3.1 3.5 112.0 783.5 .342 16,3 17.4 3746 3195 
3 107.0 69.0 3.6 3.9 116.0 552.0 .372 17.4 17.3 3681 2974 
459 1 94.0 65.5 1.5 2.0 85.0 300.4 .585 — 18.0 — — 
2 90.0 60.5 2.3 2.1 90.0 616,5 .395 15.4 15.0 3606 2998 
3 97.5 60.0 2.0 2.4 87.0 572.4 .396 16.2 16.2 3385 2789 
460 1 94.0 63.5 1.6 2.5 86.0 445.3 .478 — 16.2 — — 
2 90.0 55.0 1.6 2.7 90,0 704,6 .316 15.4 15.9 3647 2619 
3 95.0 56.0 1.7 2.1 90.0 549.4 .336 16.8 17.2 3478 2740 
463 1 97.5 66.5 2.0 2.5 96.0 392.8 .511 — 13.3 — — 
2 96.5 60.5 3.3 3.4 106.0 744,0 .342 13.7 14.5 3844 3254 
3 106.0 65.0 2.7 3.0 104,0 616,5 .357 14.9 15.0 3561 2878 
464 1 101.5 70.5 2.0 2.9 101,0 413.6 .435 — 17.5 — — 
2 101.0 61.0 2.2 3.1 106,0 712,2 .330 16.4 16.7 3564 2890 
3 109.0 65.0 3.2 3.4 115.0 602,7 .365 16,7 16.6 3028 2648 
466 1 104.5 68,5 1.7 2.9 96.0 450,4 .496 — 16.5 — — 
2 103.0 64,5 1.9 3.0 109.0 642.5 .321 15.7 16.7 2850 3287 
3 110,0 67.0 2.4 2.5 98.0 579.3 .372 17.0 16.1 3166 2574 
467 1 101.0 70.0 2.1 2.8 97.0 542.6 .440 — 17.8 — — 
2 98.5 60.5 2.0 3.0 108,0 638,8 .345 16,9 17.5 3631 2663 
3 108.5 68.5 2.8 3.6 101,0 619.3 .362 18.3 17.5 2876 2279 
468 1 115.0 77.5 2.5 3.5 118,0 451.5 .484 — 16.1 — — 
2 113.5 73.5 3.3 4.2 128.0 767.4 .341 16.4 17.3 3716 3391 
3 116,0 72.0 4.4 4.4 162,0 611.8 .362 16.9 16.4 3094 2625 
470 1 114.0 73.5 3.5 3.6 106.0 468,7 .459 — 14.5 — — 
2 112.5 70.5 4,1 4.4 115.0 755.4 .324 14,4 14,8 3243 3103 
3 115.5 67.5 4.2 3.4 113.0 608,0 .352 14.6 15.2 2926 2719 
471 1 113.0 72.5 2.3 3.5 108,0 556.9 .435 — 15.4 — — 
2 109.5 68.5 2.3 3.7 110.0 817.4 .302 15.6 16.9 3184 2823 
3 116.0 71.0 3.3 3.5 118.0 634.9 .349 16,6 16.7 3483 2520 
472 1 100,0 66.5 1.9 2.8 94.0 341.1 .559 — 15.7 — 
3249 2 101,0 64.0 2.6 3.1 105.0 672.1 .336 14,6 16.5 3400 
3 110,5 69.5 2.4 2.6 102.0 544.9 .449 15.9 17.1 3795 2942 
475 1 103.0 72.5 2.9 3.1 112.0 461.5 .511 — 17.8 — — 
2 105.0 67.0 2.8 3.0 122.0 711.2 .354 16,8 17.2 3180 2723 
3 113.0 69.5 3.2 3.0 126,0 573.0 .352 18.2 17.8 3323 2594 
476 1 109.0 76.5 2.4 3.0 111.0 414,7 .485 — 16.7 — 
2802 2 107.5 70.0 3.3 3.3 117.0 614.2 .339 15.0 16,2 2957 
3 112.0 69.0 4,0 3.6 125.0 573.0 .392 15.8 16.2 2685 2381 
477 1 101.5 71.5 2.2 3.0 100,0 517.3 .460 
17.6 
18.6 — 
2690 2 98.5 61.5 2.9 3.3 107.0 721.1 .298 19.6 3520 
3 107.5 67.0 3.9 3.8 105.0 588,7 .341 19.9 19.2 2786 2474 
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Table 25. (Continued) 
Line Env, ^  PM PMBB LDGl CR2 PHT LA2 SLW2 SSI 2^ SS40 yD12^ YD40^ 
478 1 105.5 67.0 3.0 2.8 115.0 445.1 .458 15,6 — 
2 105.0 66.5 3.1 3.5 119.0 698.8 .327 16.0 17.0 3674 2837 
3 113.0 70.5 4.0 3.9 140,0 547.3 .314 16.7 17.0 3432 2758 
479 1 112.0 77.0 3.4 3.2 93.0 494.9 .463 — 15.1 — —— 
2 111.0 70.0 3.0 3.5 112,0 612,0 .331 16.6 17.9 4134 3093 
3 115.0 67.5 3.6 3.8 115.0 555.9 .420 17.5 17.7 3548 2940 
481 1 114.0 75.0 2.7 3.1 108.0 435.5 .495 — 14,3 — — 
2 111.5 70.5 3.4 4.0 116,0 765.0 .318 15.9 14,6 3952 3276 
3 116.5 70.0 4.4 4.2 108,0 536.0 .373 15.3 15.4 3327 2883 
484 1 104.0 72.5 2.6 2.6 94,0 470,2 .490 — 15.9 — — 
2 112.5 73.5 3.3 3.7 126,0 772,7 .325 15.3 15.2 3780 2805 
3 116.0 73.5 4.3 3.9 134.0 569.9 ,329 15.2 14,4 3213 2751 
486 1 112.5 77.0 2.0 3.5 118,0 494,3 .409 — 15.8 — — 
2 111.0 72.5 2.8 3.3 126.0 759.9 .297 16.0 16,7 3176 2678 
3 115.5 73.5 3.1 3.4 124,0 533.5 .343 16.7 17.0 3273 2465 
487 1 112.0 76.5 2.6 3.2 120.0 552.3 .412 — 14.7 — — 
2 108.5 68.0 3.2 4.2 130.0 767.8 .324 15.4 17.6 3575 2672 
3 115.0 69.0 3.7 3.9 124.0 593.7 .322 18.0 15.6 3256 2536 
488 1 104.0 74.0 3.0 2.8 115.0 397.7 .524 — 16.8 — —— 
2 99.5 64.0 3.2 2.9 119.0 696.5 .354 16.8 18,1 3833 3315 
3 110.0 70.5 3.8 2.9 118.0 601.5 .366 17.5 18,1 3211 3O8O 
489 1 105.5 73.5 3.4 3.2 122,0 432,2 .469 — 16,4 — — 
2 106.0 66.5 4.1 4.1 159.0 595.4 .327 17.0 16,0 3374 2938 
3 111.5 69.0 4.3 3.8 145.0 515.7 .352 16.9 17.5 3070 2430 
491 1 107.0 76.0 1.8 2.9 95.0 540.7 .446 — 16,4 — — 
2 101.5 64.0 2.1 3.4 100.0 744,9 .317 16.3 16.9 3419 1952 
3 109.0 64.5 3.5 3.6 98,0 599.3 .402 16.9 16,6 3105 2610 
492 1 103.0 71.0 2.1 2.7 108.0 399.6 .471 16,9 — 
2934 2 98.5 62.0 3.9 4.2 114.0 729.6 .362 16.1 15.9 4317 
3 109.0 70.0 4.5 3.5 124.0 637.6 .345 16.8 17.7 3226 2722 
493 1 111.5 79.5 2.0 2.9 110.0 473.4 .456 — 14,9 — 
3096 2 111.0 71.5 3.4 3.7 119.0 729.7 .318 18.4 20.2 3818 
3 114.5 72.0 3.4 3.7 109.0 514.6 .332 19.4 19,6 3076 2767 
494 1 109.0 76.5 2.0 3.0 120.0 478.4 ,421 — 16,4 — — 
2 112.0 72.5 2.8 4.0 124,0 703.3 .315 14.6 15.7 2858 2685 
3 115.5 74.0 3.8 3.9 124.0 613.0 .354 15.9 15.2 3034 2426 
495 1 107.5 75.0 2.0 2.7 102.0 503.9 .453 — 18,1 — — 
2 104.0 66.5 2.9 3.2 111.0 782.8 .338 19.3 19.6 3596 2885 
3 111.0 69.5 3.9 3.5 109.0 595.0 .352 19.8 20,1 3259 2765 
496 1 110.0 77.0 2.0 3.0 100.0 437.4 .450 — 16,0 — — 
2 105.5 70.0 3.3 3.4 107.0 709.1 .313 16.2 16,2 3423 2864 
3 113.0 69.0 3.4 3.1 103.0 625.1 .349 16,8 17.0 3179 2762 
497 1 114.5 74.5 2.1 3.3 120.0 494.3 .437 — 15.4 — — 
2 110.5 71.5 3.0 3.8 119.0 628.0 .358 16.8 17.8 3196 3162 
3 115.0 70.5 3.6 3.7 123.0 552.9 .335 16.7 17.2 3635 2736 
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Table 25» (Continued) 
Line Env, ^  PH PMBB LDGl CR2 PHT LA2 SLW2 SS12^ SS40 YD12^ YD40^ 
501 1 106.5 73.0 1.9 2,8 103.0 460,1 ,468 14,3 mm —« 
2 103.5 62,5 2.4 3.4 117.0 719.9 .326 14.2 14,5 3064 2624 
3 109.5 63.0 3.6 3.6 114,0 535.1 .335 15.1 15,9 2943 2494 
503 1 97.5 67.0 2.8 2,8 95.0 372.7 .572 — 15,9 — 
2 96,0 63,0 2.7 3.4 103.0 697,6 .363 15.1 15.0 3193 2873 
3 103.5 65.0 3.3 3.0 96,0 581,2 .391 16,1 16.1 3270 2863 
505 1 105.5 71,0 2,5 2,7 122,0 431,8 .458 w- 14,5 — — 
2 105.0 67,0 3.3 3.9 125,0 761,6 ,356 14,7 17.1 3434 2530 
3 112.0 68,5 2.9 3.0 119.0 661,2 .384 18,0 15,6 2920 2474 
506 1 94.5 68,5 3.3 3.1 88,0 428,3 .549 — 18.0 — 
2 91.0 64,5 3.4 3.8 104,0 713.5 ,408 19.0 19.7 3850 2765 
3 99.5 65,0 2.9 3.6 102,0 608,0 .388 19.5 20,0 3226 2906 
508 1 104.0 72,5 1.8 2.7 96,0 460,8 ,446 — 18,2 — — 
2 99.0 61,5 1.9 3.0 102,0 645,1 .335 18.9 19,8 3895 3117 
3 108.0 66,0 3.0 3.1 97.0 545.6 .379 18,4 19.2 2897 2515 
511 1 100.0 69.5 3.2 3.0 104,0 459.5 .471 — 16,7 — — 
2 97.5 65,0 2.6 3.8 113.0 777.7 .339 17,2 17.3 3756 3091 
3 108,0 69,5 4.3 4,1 116,0 586,5 .363 18,1 18,9 3299 2811 
513 1 108.0 71,0 2.5 3.1 103.0 557,7 .434 —— 18,1 — 
2447 2 109.0 66,5 2,6 3.7 117.0 768,8 .320 17.6 18,5 2900 
3 113.5 65.5 4,0 3.9 108,0 585.6 .339 18,0 17.7 2950 2447 
515 1 106.0 67,5 1.8 3.1 98,0 447.2 .480 — 15.2 — — 
2 106.5 66,0 2,5 3.4 100,0 866,5 .337 16.9 16,7 3338 2882 
3 112.5 66,0 1.9 2.3 100.0 626,1 .369 17,0 16.4 3116 2676 
518 1 100.5 70,0 3.4 3.2 116.0 433,8 ,465 — 16,7 — — 
2 99.5 62.0 3.5 3.6 133.0 661,3 .352 14,7 15.3 3195 2895 
3 108.5 67.0 3.7 3.6 132.0 567,3 .355 15.6 15.3 3659 2378 
520 1 104.5 73.5 2,7 2,8 108,0 523.1 .451 «- 14,9 —— — 
2 99.0 62,5 3.3 3.6 117.0 749,7 .336 15.9 15.9 3167 2892 
3 107.0 66.0 4.5 4,2 127,0 625,6 .355 17,4 16,4 3112 2453 
521 1 99.0 70,5 2,7 2,6 100,0 403,3 .546 — 18.4 — — 
2 101.0 68,0 3.6 4,2 114.0 614,6 .340 17,4 17.7 3524 3022 
3 104.0 67,0 3.8 3.6 111.0 604,4 .411 17.9 18,5 3730 2768 
522 1 95.5 64,5 2,6 3.1 109.0 364,3 .480 — 15.4 — — 
2 94.0 60,0 3.4 3.5 116.0 698,5 .347 15.1 16,1 3510 2890 
3 100,0 60.0 3.2 3.3 120,0 541.0 .351 16,3 16.6 3107 2923 
524 1 1^6.5 74.5 1.9 2,8 96.0 427.2 .482 — 20,1 — — 
2 98,5 62.5 2,2 2,7 109.0 837.2 .300 18.6 19.9 3308 2832 
3 109,5 68.0 2.3 2,4 101.0 637.6 ,378 19.4 20,1 2954 2688 
525 1 96,0 66.5 2,7 3.1 111.0 491.5 .486 — 17.5 — — 
2 94,0 63.0 3.1 4,0 118,0 808.3 ,365 15.2 15.8 2807 2294 
3 101.0 63.0 3.2 3.6 118.0 685.7 .352 17,6 17.4 3054 2408 
526 1 94,0 64,0 2.0 2,3 91,0 324,6 .498 — 16,6 — — 
2 92,0 59.0 3.3 2,9 99.0 706,7 .366 14,8 16.0 3416 2796 
3 98.5 60.0 3.4 3.4 95.0 572,0 .378 17.0 16,8 3410 2804 
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Table 25, (Continued) 
Line Env, ^  PM miBB LDGl CR2 PHT LA2 SLW2 SS12^ SS40 YD12^ YD40^ 
528 1 113.0 74.5 2.9 3.4 126.0 515.2 .477 16.0 
2 110.0 71.0 3.4 4.1 124.0 764.1 .353 16.5 16.9 3O8O 2948 
3 115.0 68.5 3.7 3.8 154.0 574.8 .355 15.8 16.5 3724 2609 
530 1 101.0 70.5 3.2 2.8 96.0 506,0 .456 — 16.8 — — 
2 100.0 64.5 3.8 3.6 110.0 749.2 .327 17.3 17.6 3515 3002 
3 108.5 68.5 3.7 3.4 100,0 634.5 
93.0 453,7 
.363 18,8 18,1 3231 2559 
532 1 99.5 66.5 3.5 3.4 .462 — 14.3 — — 
2 99.0 60.5 3.3 3.9 110,0 775.0 .342 16,7 16.7 3583 3093 
3 106,5 63.5 3.6 4.0 103.0 598.4 .361 17.4 17.3 3551 2790 
534 1 106.5 73.5 2.5 2.8 112,0 414,0 .529 — 15.4 — — 
2 106.0 68.0 3.1 3.9 110.0 646.9 .351 15.2 15.2 2879 2601 
3 112.5 70.0 4.4 4.2 131.0 576.5 .379 16.2 16.3 2885 2361 
535 1 107.5 71.0 2.8 3.3 104,0 414,6 .472 — 14.5 — — 
2 108.5 69.0 4.0 4.1 121,0 749.3 .316 16.6 17.5 3733 2978 
3 112.5 70.5 3.4 3.6 125.0 589.2 .338 17.2 16.9 3473 2783 
536 1 100.5 66.0 3.3 2.9 110,0 411.5 .485 — 13.7 — — 
2 99.5 61.5 3.6 3.9 107.0 643.1 .337 14.0 15.0 3367 2904 
3 107.5 63,0 4.2 3.4 110.0 519.5 .329 15.0 14.6 3075 2868 
537 1 113.5 74.0 3.3 3.1 116.0 534.3 .517 — 13.2 — — 
2 114.0 72.5 3.2 3.9 124.0 641.4 .327 13.2 14.2 3901 2810 
3 117.0 71.0 3.7 3.6 126.0 546.8 .356 13.6 14,0 3209 2613 
540 1 111.0 76.5 2.4 2.9 118.0 539.0 .451 — 14.8 — — 
2 112.0 72.5 3.5 4.1 124.0 667.7 .319 15.2 16.2 3288 2597 
3 115.0 72.0 3.8 3.9 119.0 537.9 .336 15.6 15.3 2904 2478 
541 1 96.0 66.0 2.1 2.4 98.0 452.9 .474 — 17.2 
3516 
— 
2 90.5 60.5 2.6 2.7 103.0 810.0 .362 17.2 16.7 2795 
3 99.0 63.5 3.4 3.4 99.0 604.7 .356 19.2 18.6 3265 2533 
544 1 98.5 68.5 1.9 2.3 111.0 380.0 .503 — 16.7 — — 
2 100.0 68.0 2.7 2.9 117.0 745.5 .324 15.2 16.3 3129 2837 
3 110.0 71.5 3.1 2.6 120.0 661.4 .369 16.3 17.0 3221 2771 
545 1 112.0 75.0 1.9 3.4 114.0 477.1 .390 — 15.8 
3677 
— 
2 112.0 70.5 3.2 4.3 126.0 695.9 .322 16.8 17.0 2910 
3 113.5 67.0 2.1 2.1 114.0 592.0 .328 16.6 17.1 3335 2784 
546 1 107.0 70.0 1.8 3.0 110.0 474.8 .460 — 15.3 — 
2724 2 110.0 70.0 2.8 3.5 117.0 670.8 .348 15.1 15.2 3340 
3 115.5 70.0 3.9 3.1 111.0 552.9 .357 15.2 15.0 3051 2652 
547 1 107.0 75.5 1.7 3.0 104.0 468.3 .362 — 18.2 — 
2 103.5 69.5 2.8 3.1 110.0 762.0 .336 17.9 18.7 3437 2855 
3 110.5 70.0 2.7 3.8 108.0 561,2 .379 18.7 18.7 3433 2594 
548 1 103.0 71.5 2.1 2.6 113.0 444..6 .509 — 20.1 — — 
2 99.5 64.5 3.0 2.7 122,0 720.2 .346 19.3 19.4 3749 2789 
3 108,0 68.5 3.6 2.9 131.0 531.5 .355 18.6 19.1 3550 2746 
550 1 102.0 71.5 2.8 3.5 110.0 413.0 .511 — 16.4 — 
2 102,0 66,0 3.5 3.7 133.0 693.3 .341 16.3 17.0 3747 3181 
3 109.5 68.5 3.7 3.0 130.0 524.6 .384 18.8 18.1 3373 2637 
TatOLe 25» (Continued) 
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Line Env, ^  PM PMBB IDGl CR2 PHT LA2 SLW2 SS12^ SS40 YD12^ YD40^ 
551 1 106,0 72.5 2,8 3.1 107.0 384,7 ,484 17.0 ... «•«» 
2 106,5 67,0 2,7 3.2 119.0 681,9 .353 16,4 17,0 3355 2695 
3 113.0 71.5 4,1 3.8 127,0 544,4 .353 16,5 16,6 3221 2633 
553 1 103.0 72,0 1.9 2.8 104,0 489.7 .460 — 18,7 — — 
2 100.5 63.0 3.4 4.0 107.0 704.1 .315 16,7 18,0 3522 3199 
3 109.0 67,5 3.3 3.9 115.0 566.3 .392 17,7 17.4 3102 2736 
555 1 100.0 68.0 2.7 2,8 96.0 374.4 .517 — 15.3 — — 
2 97.5 59.5 2,8 3.9 106.0 676.2 .351 14,9 15.3 3244 2755 
3 104.0 62,5 2,9 3.4 111,0 522,5 .356 15.7 15.8 2868 2382 
556 1 106,0 72,0 2,4 3.5 96,0 512.1 .439 — 16.1 — — 
2 104,0 63.5 2,7 3.2 102,0 794.7 .311 16,3 16.1 2895 2777 
3 110,5 65.5 2,9 3.9 97.0 684,2 .352 16.5 16.1 2831 2469 
557 1 98.0 68,0 2,3 3.0 100,0 528.1 .482 — 19.7 — — 
2 92.0 62.0 3.6 3.3 106.0 781.3 .341 20,0 19,7 3137 2331 
3 100.0 64,0 3.7 3.3 109.0 708,9 .359 20,1 21.2 3340 2386 
558 1 106,0 70,5 2.1 3.2 104.0 435.6 .475 — 14.9 — — 
2 100,0 57.5 2,8 3.7 109.0 780.4 .322 14,2 15.1 2716 2674 
3 109.5 62,5 3.3 3.3 118.0 568.4 .352 15.2 15.0 2806 2499 
559 1 99.5 69,0 2.4 2.5 108,0 347.0 .528 — 18.6 — — 
2 101.0 65,0 3.3 2,8 124.0 688,7 .373 16,9 17.9 3883 32I8 
3 109.5 70,0 4,0 2,9 132.0 547.4 .368 18,5 18.5 4110 2526 
560 1 102,C 65.5 2,0 2,7 106.0 453.7 .512 — 16,8 — — 
2 98,5 60,0 3.3 2.8 120.0 662.3 .348 17,3 17.7 3116 2737 
3 106,0 64,5 3.7 3.9 118.0 554.2 .352 17,9 17.2 3048 2387 
564 1 116,0 79.0 3.4 3.6 122.0 461.9 .470 — 17.3 — — 
2 114,0 74.0 4.3 4,6 156.0 741.6 .354 17.5 18.4 4170 3034 
3 117.0 73.0 4,5 3.8 151.0 583.6 .382 18,2 18.3 3901 2851 
565 1 109.0 77.5 2,1 3.0 108.0 467.6 .470 — 16.5 — 
2 103.5 65.5 3.6 3.8 118,0 731.8 .360 17.2 17.2 3301 2861 
3 113.0 70.0 3.6 3.8 108.0 544.5 .390 17.8 17.6 3481 2673 
Tahle 26, Phenotypic and gmotyplc oorrslatlon eoefflolents between oharacters within 
cross AX418 and oroas AX419^, 
IDGl 
GR2 
PHT 
LA2 
Env.t PMBB LDGl GR2 PHT LA2 SLV2 3S1® SS2 
1 .20*. ,73** .76** .53** -.58** -.16 
(.21)' (.81) (.80) (.67) (-.80) MB (-.17) 
2 .72** .70** .68** -.05 -.30** -.23* -.30** 
(.81) (.82) (.74) (-.01) (-.79) (-.36) (-.25) 
3 .68** .79** .65** .06 -.46** -.39** -.42** (.74) (.89) (.70) (.11) (-.65) (-.41) (-.43) 
1 .07 .37** .56** .24» -.24* Ml M -.4?** 
(.09) (.47) (.71) (.26) (-.30) «»«• (-.59) 
2 .36** .80** .78** -.01 -.19 -.39** -.45** 
(.41) (.96) (.88) (-.14) (-.84) (-.46) (-.52) 
3 .43** .81** .81** .11 -.39** -.49** -.52** (.50) (.91) (.91) (.15) (-.56) (-.54) (-.55) 
1 .37** .50** .68** .59** -.54** -.28** 
(.52) (.60) (.75) (.74) (-.77) (-.25) 
2 .49** .62** .63** .16 -.29** -.40** -.45** 
(.67) (.71) (.74) (.38) (-.91) (-.49) (-.53) 
3 .30** .71** .73** .24* -.49** -.42** -.44** (.33) (.89) (.83) (.27) (-.73) (-.48) (-.49) 
1 .50** .35** .38** .66** -.61** -.36** 
(.55) (.46) (.52) (.77) (-.78) — (-.38) 
2 .58** .60** .51** -.04 -.07 -.32** -.38** 
(.63) (.72) (.67) (-.13) (-.17) (-.38) (-.46) 
3 .59** .59** .45** .16 -.31** -.46** -.47** 
(.66) (.66) (.56) (.15) (-.47) (-.50) (-.52) 
1 .32** .04 .38** .19, -.82** — -.11 (.52) (.11) (.58) (.24) (-.99) (-.04) 
2 -.07 .00 *09 -.09 -.19 .13 .01 
(-.10) (-.19 (-.05) (-.21 (-.91) (3.) (.15) 
3 -.02 -.10 -.02 -.15 -.08 -.01 -.02 (-.11) (-.09) (-.06) (-.23) (-.15) (-.03) (-.01) 
SLW2 1 -.35** .04 -.#** -.26** -.66** — ,07 
— (.03 
«,13 -,08 
(-.39) (".36) 
.27** .25* 
(.38) (.38) 
SSI o 
.  .44* 2 6(-.48) (.03) (-.61) (-.29) (-.79) 
2 -.11 .08 -.16 .04 -.21* 
(-.18) (.18) (-.23) (.11) (-.84) 
3 -,10 -.09 -.10 -.18 .03 
1 
(-.12) (-.08) (-.08) (-.29) (.22) 
2 -.05 -.12 -.26** -.13 .14 
(-.07) (-.16) (-.38) (-.14) (.21) 
3 -.08 —,06 -.02 -.21* -.19 (-,08) (-.08) (-.01) (-.24) (.24) 
1 -.13 -.21* -.21 -.31** -.05. 
(-.14) (-.21) (-.30) (-.37) (-.04) 
2 .00 -.12 -.24* -.08 .13 
(-.02) (-.13) (-.38) (*.10) (.24) 
3 -*06 -.03 1
 
•
 0
 
vn
 
-.19 .10 
(-.08) (-.01) (-.04) (-.19) (.15) 
.07 .82** 
(.12) (.91) 
.07 .93** (.08) (.99) 
SS2  3 .16 — 
(.21) — 
.00 .91** 
(-.04) (.98) 
.14 ,92** 
(.27) (.98) 
a, Cross AX418 on upper right of the diagonal and cross AX^lQ on lower left of diagonal, 
Environment 1 - 1970; 2 - 1973 Bruner Farm; 3 - 1973 Liebo Farm. 
®Data not available in 1970, 
"^Genotypic correlations are in parentheses, 
* and ** - significant at the 5% and level respectively. 
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Table 27« Regression analysis of yield In wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the Independent variables of lines In maturity 
group 1 cross AX418, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R'^ or r^ Cy^ VMSResld 
PM -226679.4068 5399.6421 -31.8373 .43 9.7 210,4 
-4842.432$ 83.2649* .31 10,2 221,2 
PMBB 7132.2822 -236.3724 2.5989 .16 11,8 255.3 
-1340.2116 60.5512 .15 11.3 245.4 
LDGl 6777.3664 -4853,5800 1251.4376 .14 11.9 258,4 
2296.8852 -66.0328 .01 12.3 266,3 
GR2 11058.8965 -6930.0988 1341.3959 .14 11.9 258,2 
2253.3960 -33.9907 .00 12.3 266,8 
PHT 9956.6158 -166,4574 0.8793 .10 12.2 263.9 
312?.7262 -11.0747 .08 11.8 256,6 
LA2 -6484.8056 22.9707 -0.0150 .24 11.2 241,9 
1129.7093 1.4699 .14 11.4 247.3 
SLV2 1394,5017 8693.3189 -18011.8330 .57 8.4 181,6 
4004.7894 -5107.1630** .55 8.2 178.2 
SS40 -24481.5162 2748.8051** -70,4148* .71 6.9 150.1 
-630.9163 151.8525** .50 8.7 189.3 
^The mean seed yield In wide rows for 15 lines In maturity group 1 
was 2166 kgyAia, 
* and ** will be used In all subsequent tables to Indicate 
significance at the % and \% level, respectively. 
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Table 28, Regresalon analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 2 cross AX418, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic r2 or r2 VMSResid 
PM -8291.4041 189.2120 -0.7717 .16 8.1 204.6 
-1956.7122 49.3511 .16 7.9 199.5 
PMBB -119627.9856 3922.5242 -31.4709 .15 8.2 206.2 
1020,6284 24.2144 .03 8.5 214.0 
LDGl 2109.5902 440.1275 -105.1559 .07 8.5 214.8 
2745.7584 -89.5829 .05 8.4 211.4 
GR2 4114,7024 -985.4587 147.1637 .07 8.5 214.8 
2806.0598 -97.1422 .05 8.4 212.4 
PHT 3977.0542 -29.3635 0.1467 .01 8.8 221.7 
2578.5694 -0.5718 .00 8.6 217.3 
LA2 497.6034 7.3247 -0.0063 .11 8.3 210.0 
3477.8032 -1.3683 .11 8.1 205.3 
SLW2 -3105.9565 33039.8136 -48330.6377 .03 8.7 219.8 
3133.5170 -1734.3588 .02 8.5 215.4 
SS40 1616.3334 68.8068 -1.0437 .04 8,7 218.8 
1967.9938 30.3898 .04 8.5 213.2 
®The mean seed yield in wide rows for 22 lines in maturity group 2 
was 2523 kg/ha. 
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Table 29, Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 3 cross AX418, 1973 Bruner Farm» 
Regression Coefficient 
Ind Intercept Linear Quadratic R^ or r'^ ^/MSResid 
PM 6904.7858 -82.5225 0.4147 .00 4.1 114.5 
2924,5117 -1.2525 ,00 4.0 112.3 
PMBB 4487.3576 -55.9808 0.4614 .01 4.1 113.9 
2559.6294 3.7238 .01 4.0 111.8 
LDGl 2758.9026 26.6436 -3.5078 .00 4.1 114.6 
2794.6079 2.0286 .00 4.0 112.3 
GR2 1644.2730 721.4741 -110.8714 .03 4.0 112.7 
2836.1935 -10.5184 .00 4.0 112,3 
PHT 1401.6468 22.4551 -0.0885 .04 4,0 112.1 
2605.5686 1.7199 .03 4.0 110.9 
LA2 3467.3527 -2,2594 0.0018 .04 4.0 112.3 
2535.9256 0.3737 .04 3.9 110.3 
SLW2 3394.4727 -3096.6928 3977.6401 .00 4,1 114.3 
2909.1926 -312.5084 .00 4,0 112.1 
SS40 
-2206,4317 571.5843 -16.2420 .08 3.9 109.7 
3103.8738 -16.6777 .02 4,0 111.0 
^The mean seed yield in wide rows for 28 lines in maturity group 3 
was 2801 kg/ka. 
122 
Table 30# Regression analysis of yield in wide rows as the dependent 
variatie and reproductive, canopy, plant, leaflet, and seed 
cheoracters as the independent variables of lines in maturity 
group k cross AX418, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r^ 1 1 
PM -43965.2298 923.7721 -4.5635 .10 6.2 168.4 
6013.5593 -31,4906 .09 6.1 165,0 
PMBB 
-22677.6375 736.6262 -5.3382 .06 6.3 171.9 
3483.5750 -11.1604 .02 6.3 171.2 
LDGl 3346.8338 -234.9435 14,0117 .14 6.1 164,8 
3189.0460 -140.1085 .14 5.9 160.9 
QR2 7610.7084 -2552.6914 328,1177 .20 5.8 158.1 
3104.8555 -106,1487 .07 6.2 167.0 
PHT 5373.2682 -46,3395 0.1999 .04 6.4 173.6 
2930.7702 -1,9416 .01 6.3 1/1.8 
LA2 2518.2561 0,7851 -0.0007 .01 6.5 176.1 
2905.8566 0,2733 .01 6.3 172.0 
SLW2 954.6899 6742.8031 -4796.4275 .19 5.9 159.6 
1559.3502 3328,9387* .19 5.8 155.8 
SS40 4803.1689 -231.4067 6.3396 .02 6.5 175.6 
2934,4743 -13.0148 .01 6.4 172.0 
®The mean seed yield in wide rows for 23 lines in maturity group 4 
was 2708 kg/ha» 
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Table 31, Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leedlet, and seed 
characters as the Independent variables of lines in maturity 
group 5 cross AX418, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic r2 or r2 CV^ VMSResid 
PM -41819,5810 752.5644 -3.1655 .08 9.1 252.1 
-1805,5175 40,6952 .08 8.6 239.4 
PMBB 16432.4626 -395,7843 2.8553 .05 9.2 256.1 
1127.7362 22,4957 .05 8.8 243.6 
LDGl -14085.2689 8713.8499 -1118.3388 .13 8.8 245,2 
2237.3968 141.2389 .04 8.8 244.9 
CR2 -4009,8381 3249,1400 -386.2475 .09 9.0 251.0 
1925,2905 212.2007 .07 8.7 240.8 
PHT -4046.1824 111.6896 -0.4515 .33 7.7 214.5 
3732.5293 -7.6517 .20 8.0 223.7 
LA2 -20439.8706 68.3644 -0.0501 .13 8.8 245.7 
3513.8753 -1.0670 .04 8.8 245.1 
SLW2 2491.8460 3929.5304 -9210.1575 .04 9.3 257.7 
3494.1887 -2159.3098 .04 8.8 244.6 
8940 
-2286.3633 542,9677 -14.1334 .10 9.0 249.3 
2099.9481 41.7392 .07 8.7 240.6 
®The mean seed yield in wide rows for 12 lines in maturity group 5 
was 2781 kg/ka. 
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TaHe 32* Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 1 cross AX418, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R^ or r^ CV^ VMSResid 
PM 88155.3285 -2027.8448 11.9190 .70 5.9 130.6 
-4635.6294 76,3885** .66 6.1 135,4 
PMBB -37806.2886 1371,5690 -11,7220 ,44 8,2 180,4 
-1772,8973 70.8890** .40 8.2 180.1 
LDGl 3872,2653 -1298,8086 241.9313 .12 10,2 225,6 
2247,7344 -19,2188 ,00 10,5 231.5 
CR2 
-1653.0989 3412,3828 -715.2895 .41 8,4 185.0 
1654,1128 273.8535* .25 9.1 201,1 
PHT 4307,7337 -49,3761 0,2871 .02 10.8 238,2 
1940,8571 2,9660 .01 10.5 230.3 
LA2 8241,5239 -19,2006 0,0151 .15 10,1 222.0 
1800,3127 0,6463 ,04 10,3 227.5 
SLW2 13153.5224 -48827.0698 53676.1955 .03 9.0 197.6 
3660,7062 -3538.1742* .27 9.0 197.6 
SS40 -2865,0820 492,0875 -11.8211 ,06 10,6 233.4 
1897,8066 15.4895 .02 10.4 229.7 
®The mean seed yield in wide rows for 16 lines in maturity group 1 
was 2204 kg/ha,. 
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Table 33» Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 2 cross AX418, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R or r CV^ \/MSResid 
PM -119243.8448 2523.2628 -13.0682 .39 5.2 129.2 
-883.4821 35.1654* .28 5.5 136.7 
PMBB -54809.0641 1877.6106 -15.3665 .25 5.8 144.0 
1454.1508 16,7327 .06 6.3 156.3 
LDGl 3190.1434 -473.7736 73.6667 .06 6.5 160.8 
2586.8380 -41.1451 .03 6.4 158.6 
GR2 1151.1870 1023.7246 -192.3583 .10 6.4 157.4 
2424.2512 16.7579 .00 6.5 160.9 
PHT 5241.1224 -53.5706 0.2538 .15 6.2 152.6 
2938.4441 -4.9428 .11 6.2 152.0 
LA2 7411.9570 -17.7295 0.0157 .23 5.9 145.8 
1810.4605 1.0880 .14 6.1 149.3 
SLW2 -15595.1592 90929.9131 -114038.5495 .22 5.9 146.1 
1878.5071 1517.6500 .04 6.4 157.6 
SS40 8700.7531 -685.0873 18.6014 .24 5.9 144.7 
1767.1693 35.7873 .15 6.0 148.8 
®The mean seed yield in wide rows for 20 lines in maturity group 2 
was 246? kg/ha. 
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Table 34, Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 3 cross AX418, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R'^ or r^ «/MSResid 
PM -67829.7596 1391.0036 -6.8735 .06 5.9 149.6 
3965.6929 -14,2120 .04 5.2 130.5 
PMBB 84406.1391 -2507,1670 19.1699 .66 3.6 89.8 
5651.6667 -49,0000 .48 3.8 95.8 
LDGl 57618.8334 34808,4723 -5023.6111 .72 3.3 82,2 
1099.4519 416.0577 .42 4.0 101.6 
CR2 -2661.6196 3637,6182 -626.1250 .78 2,8 71.7 
3163.7000 -206,2000 .42 4.0 101.4 
PHT -2202,7223 100.7302 -0.5208 .83 2.5 63.7 
3710.8354 -10.6890* .70 2.9 73.0 
LA2 1053.5528 7.0549 -0,0076 .82 2.6 65.7 
3827.1134 -2.1802* .80 2.4 59.5 
SLV2 28518,2220 -138606.8819 184364,1490 .29 5.1 129.9 
2659.5599 -350.7369 .00 5.3 133.2 
SS40 -25156.0736 2857.4320 -73.6254 .08 5.9 148,0 
1587,6887 49.7256 ,06 5.1 129.2 
®The mean seed yield In wide rows for 6 lines in maturity group 3 
was 2528 kg/ha. 
12? 
Table 35* Regression analysis of yield in wide rows as the dependent 
varlaMe and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 4 cross AX418, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R or r^ GV^ VMSResid 
PM -121346.7053 2275.6158 -10.4409 .09 5.9 153.1 
4478.2474 -17.1371 .05 6.0 154.1 
PMBB -8013.2251 310,5029 -2.2661 .04 6,1 156.7 
3112.7519 -7.3599 .02 6.0 156.6 
LDGl 2980.8775 -259.3877 40.5040 .02 6.1 158.7 
2513.9458 20.3738 .01 6.1 157.6 
CR2 446.0565 1192.5866 -164.0093 .07 6.0 154.3 
2286.1482 87.0814 .04 6.0 154.8 
PHT 5055.9097 -43.1936 0.1866 .06 6.0 155.3 
2779.0623 -1.7105 .02 6.0 156.6 
LA2 3485.5779 -3.4126 0,0031 .06 6.0 155.2 
2212,5227 0.5957 .05 5.9 153.9 
3LW2 8948.1951 -34349.5486 46244.5437 .02 6.1 158.5 
2564,9606 65.1584 .00 6.1 158.1 
3S40 3180,5912 -79.0033 2,5421 .01 6.1 159.1 
2360.3727 12,6019 .01 6.1 157.0 
®The mean seed yield in wide rows for 38 lines in maturity group 4 
was 2589 kg/ka. 
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Table 36, Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the Independent variables of lines in maturity 
group 5 cross AXM8, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic r2 or r^ CV9?®' ./MSResld 
PM -166310.9685 2884.4407 -12.3077 .23 5.9 154.4 
01966,3218 31.8214 .12 6.2 160.0 
PMBB -16533.2025 534.4914 -3.7288 .02 6.7 174.1 
2838,4651 -3.3245 .00 6.6 170.5 
LDGl 2246.3893 74.8130 3.6762 .10 6.4 166.6 
2197.8632 101.8340 .10 6.2 161.9 
CR2 3745,7632 -753.4381 117.9122 .08 6.5 168.8 
2280.4792 84.4627 .05 6.4 166.8 
PHT 1996,4081 10.8070 -0.0480 .01 6.7 174.9 
2720,8749 -1.0503 .01 6.6 170.2 
LA2 -1933.7995 13.8869 -0.0106 .04 6.6 172.4 
2356.1337 0.3801 .01 6.5 169.7 
SLW2 -2602.8387 27297.6027 -35689.9581 .01 6.7 174.5 
2332,1130 713.1130 .01 6.6 170.0 
SS40 
-353,2385 334.7743 -9.4454 .01 6.7 174.9 
2632,1123 -2.0994 .00 6,6 170.7 
®The mean seed yield in wide rows for 20 lines in maturity group 5 
was 2596 kgAia, 
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Table 37» Régression analysis of yield In wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 1 cross AX419, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r^ CV5^a VMSResld 
PM "14443.5987 381,8405 -2.1181 ,00 8,8 242,3 
3548,1828 -8.6349 ,00 8.5 233.5 
PMBB -34039.4100 1245,7111 -10,5202 46 8.1 222.5 
3838,0867 -17,8520 .04 8.3 229.7 
LDGl 2417.4717 467,0522 -120,4898 .22 7.8 214,8 
3145,5313 -145.9954 ,18 7.7 211,8 
CR2 3869.4186 -596.5106 73.1844 .20 7.9 217.7 
3256.7576 -164,6970 ,18 7.7 211,7 
PHT -3403.1920 131.7322 -0,6943 ,28 7.5 206,4 
3889,6921 -11.1534 ,22 7.5 207,0 
LÂ2 8102,1059 -13.9194 0,0090 .09 8,4 231.0 
3401,5568 -0.8891 ,06 8,2 226,7 
SLW2 9835.3834 -40806,0439 58422,3552 .08 8.5 233.4 
2565.5960 530,9448 ,00 8.5 233.4 
SS40 -6556.4145 1076,0800 -30,8806 .07 8.5 234,0 
2881,7045 -7.5517 ,00 8.5 233.6 
®The mean seed yield in wide rows for 16 lines in maturity group 1 
was 2751 kg/ha. 
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Table 38, Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent vairiables of lines in maturity 
group 2 cross AX419, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R or r^ VMSResid 
PM 270211.0847 -5477.1061 28,0525 .05 6,9 200.0 
3555.6482 -6.5283 ,00 6.9 201.7 
PMBB 53534.7859 -1662.1079 13.6278 .17 6.4 187.8 
1522,3421 22.5120 .05 6.8 196.9 
LDGl 2209.4777 509.7893 -89.2128 .02 7.0 203.7 
2940.3518 -8.1789 .00 6.9 201,8 
CR2 2312.8157 408,3677 -67.0625 .01 7.0 20^,4 
3052.2600 -40.9767 .01 6.9 201.0 
PHT -183.8688 57.5415 -0.2651 .03 7.0 202.7 
3204,4927 -2.5836 .01 6,9 200.5 
LA2 -2067.1216 14.1240 -0.0099 .04 6,9 201.5 
3127,6912 -0,2945 .01 6,9 201,0 
SLW2 6743.5577 -26377.1415 44440.1340 .09 6.7 196.7 
1948.8296 2872.6058 .08 6.7 193.9 
SS40 -569.4543 405.9109 -11.7112 .02 7.0 203.2 
2824.8846 5.2351 .00 6.9 201.6 
^The mean seed yield in wide rows for 29 lines in maturity group 2 
was 2916 kg/^a. 
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Table 39» Régression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 3 cross AX419, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R^ or r2 CV^ VMSResid 
PM -774700.9848 15266.5210** -74.9096** .35 5.3 157.6 
4164,6826 -11.8789 .01 6.4 189.8 
PMBB -25262.5478 869.1103 -6.6816 .20 5.9 174.9 
1895.9wJ9 16.3735 .05 6.3 185.6 
LDGl 4671.4647 -1256.2314 222.2514 .12 6.2 183.4 
2869.0571 29.5643 .01 6.4 190.1 
CR2 8653,1694 -3272.5976 463.8628 .16 6.1 179.7 
3189.0713 —68.6694 .02 6.4 188.8 
PHT 9861.0963 -124.5869 0.5594 .09 6.3 186.3 
2450.5936 4.5097 .03 6.3 187.6 
LA2 7551.7652 -11.2796 0.0068 .21 5.9 173.7 
3931.2507 -1.3418* .18 5.8 172.4 
SLW2 12571.7184 -58167.7337 87743.8613 .05 6.5 191.0 
2356.7642 1787.1860 .02 6.4 188.4 
SS40 -7327.8488 1179.6822* -33.5858* .30 5.5 163.4 
2230.3113 42.4894 .11 6.1 180.0 
®The mean seed yield in wide rows for 22 lines in maturity group 3 
vas 2955 kg/ha. 
132 
Table 40. Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the Independent variables of lines in maturity 
RToup 4 cross AX419, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r CV^ VMSResid 
PM -577883.3258 10868.2098 -50.8404 .14 9.4 268.1 
5605.1143 -25.8974 .02 9.7 275.6 
PMBB 203019.0803 -5948.9506 44.1798 .15 9.4 266,1 
-1435.2412 63.0944 .10 9.3 264.2 
LDGl 2983.4695 -161.6728 36.7307 .02 10.1 285.9 
2614.3134 74.1426 .02 9.7 275.7 
CE2 1269.7743 1016.3901 -159.1787 .04 9.9 282.6 
3358.6301 -142.4455 .04 9.6 273.0 
PHT 8543,6896 -87.1562 0,3250 .14 9.5 268.5 
3196.4156 -3.0025 .02 9.7 275.3 
LA2 4086.9983 -2.8283 0.0015 .03 10.0 284.5 
3300.1312 -0.6392 .03 9.7 274.3 
SLW2 -36848.4960 243700.2652 -373072.8587 .19 9.2 260.6 
4155.7452 -3954.8515 .06 9.5 270.0 
SS40 19981.9454 -2128,2499 65.6312 .29 8.5 242.9 
650.4146 127.7994 .21 8.7 248.1 
®The mean seed yield in wide rows for 16 lines in maturity group 4 
was 2841 kg/ha. 
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Table 41, Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 5 cross AX419, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r^ VMSResid 
PM 230420.2258 -4084.8462 18.3349 .03 8,2 240.4 
340.4092 23.1847 .02 8.0 234.3 
PMBB 242423.8273 -6633.2479 45.9155 .11 7.9 230.2 
5390.3682 -34.1720 .04 7.9 231.5 
LDGl 236.3114 1437.9792 -185.7736 .10 7.9 232.1 
2469.2871 139.2777 .07 7.8 228.0 
CR2 811.9469 863.3554 -81.5827 .11 7.9 230.3 
2072.7329 219.5877 .11 7.6 222.8 
PHT 12668.6344 -145.7456 0.5389 .14 7.7 227.3 
3140.0117 -1.6710 .01 8.0 235.5 
LA2 27532.2458 -71.7429* 0.0520* .30 6.9 203.8 
2275.9069 0.9261 .05 7.9 230.5 
SLW2 -13410,4986 95799.1565 -139912,8152 .09 7.9 232.8 
1892.3567 3136.6908 .06 7.8 229.4 
SS40 6790,8769 -495.4021 15.7063 .10 7.9 231.9 
2354,7234 34.7682 .06 7.8 229.2 
®The mean seed yield in wide rows for 17 lines in maturity group 5 
was 2933 kg/ka. 
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Table 42, Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 1 cross AX419, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r^ VMSResid 
PM -104925.4518 2257.0934 -11.8300 .11 7.2 101,9 
6433.2807 -38.6542 .10 6.6 176,3 
PMBE -15948.3919 649,8819 -5.6501 .13 7.1 100.0 
4112.5977 -23.8436 .08 6,6 177.6 
LDGl 2250,9770 376.4819 -77.1530 .03 7.5 200.5 
2736.9228 -23,6420 .01 6.9 184.7 
GR2 2802,4566 -56.3222 4,4180 .02 7.5 201.5 
2768,9505 -31.2871 .02 6.9 184.0 
PHT -21828.1387 525.2875* -2.8004* .64 4.5 121.2 
2643.4613 0.3776 .00 6.9 185.5 
LA2 5.1418 7.2355 -0.0044 .47 5.5 147.3 
1454,6859 2,1378 .46 5.1 136.1 
SLW2 -9610.8779 65506,4534 -869W^. 5997 .11 7.2 192.1 
2663,1700 42.5609 .00 6.9 185.5 
SS40 28017,9121 -2773.0255 75.4469 .52 5.2 140.4 
3137,9082 -25.6373 .04 6,8 181.6 
®The mean seed yield in wide rows for 8 lines In maturity proup 1 
was 2679 kp/ha. 
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Table Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 2 cross AX41Q, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic pj2 Qj, ^ 2 ^MSPesid 
PM $44418.1241 -10701.6307 52.8404 .25 6.3 167.5 
-515.4996 31.3942 ,06 6.7 179.1 
PMBB 34688.9764 -1059.553a 8.7492 .11 6.8 181.8 
1132.437b 24.6698 .08 6.6 177.4 
LDGl 3242.6516 -361.0361 54,2846 .05 7.1 188.3 
2799.2436 -41.9192 .03 6.8 182.2 
CR2 3700.9317 -672.5692 105.7703 .06 7.0 187.2 
2738.6477 -21.3430 .01 6.9 184.2 
PHT 11080.8234 -158.0499 0.7358 .10 6.8 182.6 
2955.5462 -2.7561 .02 6.8 182.5 
LA2 -6496.7527 30.9363 -0.0258 .31 6.0 160,6 
2957.8412 -0.4821 .03 6.8 181.9 
SLW2 31083.2005 -161279.6694 228367.8781 .35 5.8 156.0 
412.9643 6245.7007 .27 5.9 157.8 
SS40 777.9137 222,9139 -6.4822 .03 7.1 189.6 
2984.1238 -17.2316 .03 6.8 182.1 
^The mean seed yield in wide rows for 14 lines in maturity group 2 
was 2669 kg/ha.. 
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Table 44, Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as 3 independent variables of lines in maturity 
group 3 cross '419, 1973 Llebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic r2 or r^ VMSResid 
PM -47022.1494 902.9646 -4.0975 .04 8.2 218.5 
-902.9869 33.4774 .04 7.9 211.6 
PMBB 64728.9345 -1920.9535 14.8446 .23 7.4 196.3 
136.2760 38.3080 .13 7.5 201.1 
LDGl 4341.9037 -968.3807 136.2606 .08 8.0 214.5 
2769.5276 -27.5799 .01 8.1 215.2 
CR2 5306.7893 -1444,1223 193.6756 .15 7.7 205.0 
3140.4503 -135.3845 .10 7.7 205.2 
PHT 1939.1766 14.3566 -0.0696 .01 8.3 222.4 
2835.6633 -1.4945 .00 8.1 215.5 
LA2 -3189.4338 20.6971 -0.0182 .01 8.3 222.2 
2718.6189 -0.0868 .00 8.1 215.9 
SLW2 6202.8468 -18684.3954 24602.0986 .01 8.3 222.4 
2851.0991 -499.3582 .00 8.1 215.7 
SS40 1275.3043 154.5289 -4.2318 .01 8.3 221.8 
2497.7102 9.8678 .01 8.1 215.1 
®The mean seed yield in wide rows for 18 lines in maturity group 3 
was 2669 kg/ha. 
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Table 4^, Repression analysis of yield in wide rows as the dependent 
variable ajid reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 4 cross AX419, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or VMSReslf 
PM -279484.7656 5109.2317 -23.1293 .04 7.1 185.7 
2790.581° -1.4921 .00 7.1 186.3 
PHBB 31104.7796 -878.5060 6.7510 .20 6.5 169.9 
582.2748 29.9780* .15 6,6 172,1 
LDGl 2438.5647 146.4738 -25.9216 .01 7.2 188.3 
2701.3925 -22.2862 .01 7,1 185.7 
CR2 2190.8575 438.4523 -90.3044 .15 6.7 175.0 
3091.1133 -138.8347* .13 6.6 173.5 
H-ÎT -1767.9967 77.4568 -0.3375 .11 6.9 178.9 
2820.5321 -1.6950 .01 7.0 185.1 
LA2 3217.4714 -1.4512 0.0008 .02 7,1 187,5 
2949.7429 -0.5480 .02 7.0 184,4 
SLW2 9461.3994 -37596.7241 51471.1663 .13 6,7 176,7 
2236,5691 1063.6712 .02 7.0 184,4 
3SU0 -18.2465 243.2882 -5.2247 .23 6,3 166,5 
1592.2166 59.3071** .22 6.3 164.3 
^he mean seed yield in wide rows for 33 lines in maturity groun U 
was 2626 kg/ha. 
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Table 46# Regression analysis of yield in wide rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 5 cross AX419, I973 Liebo Farm. 
Regression Coefficient 
Ind Intercept Linear Quadratic or r*^ cv^®- VMSResid 
PM 193195.0129 -3306.1339 14.3415 .03 6.6 177.3 
4346.3038 -14,4921 .01 6.5 175.1 
PMBB -34015,4148 1051.7831 -7.5282 .06 6.5 174.5 
2981,9446 -4.2525 .00 6.6 176.0 
LDGi 3841.4335 -684,0656 98.1583 .06 6.5 174.2 
2705.2763 -6.4203 .00 6.6 176.2 
CR2 3442,6077 -408.3116 53.8778 .03 6,6 177.2 
2863.3063 -50.0640 .02 6.5 174.6 
PHT 6276.7920 -54.2501 0,2005 .11 6.3 169.2 
2899.8351 -1.7802 .02 6.5 174.2 
LA2 12151.5846 -33.6747 0,0298 .13 6.3 168.1 
2132,9997 0.9616 .04 6.4 172.3 
SLW2 9044,7965 -38241.3016 57051.2254 .23 5.9 157.6 
1610.6117 3043.5200* .16 6.0 161.1 
SS40 6589,6274 -513.5113 16.6248 .15 6.2 165.9 
2011.0729 40.1286 .10 6.2 166.9 
®The mean seed yield in wide rows for 2? lines in maturity group 5 
was 2882 kg/ha. 
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Table 4?, Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 1 cross AX418, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r^ CV^ VMSResid 
PM -216313.4190 5242,5030 -31.3104 .11 9.1 275.2 
1852.7512 14.0976 .01 9.2 278,7 
PMBB -21044.9132 863.7280 -7.7274 .02 9.5 287.9 
4146,6560 -19.1253 .01 9.1 277.9 
LDGl 6465.8455 -3708,7666 980,4819 .07 9.2 280,2 
2955.4581 42,2023 .00 9.2 279.6 
CR2 11950.2658 -7597.9914 1595.9576 .41 7.4 224.3 
1473,7127 606.8168 .23 8.1 245.1 
PHT 12763.2468 -217.1379 1.2049 .05 9.4 284.4 
3405.6216 -4.2171 .01 9.2 278.5 
LA2 5767.2953 -6.8791 0.0042 .05 9.3 284.2 
3625.7072 -0.8320 .04 9.0 274.0 
SLW2 
-3729.8023 36387,4116 -48357.0068 .13 8,9 271.8 
3278.1296 -663,2314 .01 9.2 278.7 
SS40 
-13351.2131 1789.6401 -48.6591 .09 9.1 277.6 
3130.3998 -4,9466 .00 9.2 279.8 
YD40 1624.6473 0.8841 -0.0001 .19 8.6 261,8 
2044.65O8 0.4593 .19 8.3 251.6 
®The mean seed yield in narrow rows for I5 lines in maturity group 1 
was 3039 kg/ha. 
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Table 48, Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
charaAters as the independent variables of lines in maturity 
group 2 cross AX418, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r'^ VMSResid 
PM 96642.1606 -2134.0320 12.1758 .35 5.6 184,3 
-3303.3572 72.6211** .32 5.6 183,7 
PMBB 103594.8382 -3299.3209 27.1037 .25 6.0 198,5 
-311.4865 58.0243 .17 6.2 203,5 
LDGl 1252.6397 1662,6891 -324.0201 .16 6.4 209,7 
3212,8838 30.4763 .01 6.8 222,8 
CR2 4162.3353 -548.3049 83.2530 .02 6.9 227.2 
3422.0142 -45.7693 .01 6.8 222.4 
PHT -2206.4277 109.4948 -0.5394 .17 6.3 208.8 
2935.3498 3.6373 .03 6.7 220.3 
LA2 8990.5262 -15.7481 0.0108 .05 6.8 222.9 
3884.2994 -0.8536 .04 6.7 218.9 
SLW2 3640.3364 -3388.8719 6774.8318 .01 6.9 227.7 
2765.7073 1485.6586 .01 6.8 222.0 
ssko 17865.3386 -1556.1920 41.2891 .16 6.4 210.1 
3953.5124 -36.4031 .05 6,6 217.6 
YD40 
-3749.6537 5.2333 -0.0010 .21 6.2 203.5 
2231.8128 0,4189 .17 6,2 204.0 
®The mean seed yield in narrow rows for 22 lines in maturity group 
2 was 3289 kg/ha. 
m 
Table 49, Regression analysis of yield In narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the Independent variables of lines in maturity 
group 3 cross AXU18, 1973 Bruner Farm. 
Regression Coefficient 
Ind Intercept Linear Quadratic R or r^ CV^ VMSResld 
PM 44890.6003 -855.5686 4,4027 .01 7.3 245,7 
2631.6697 7,2822 ,00 7.2 241,6 
H1BB -16499.0089 617.0213 -4,7855 .05 7.2 241,0 
3496.8401 -2,2800 ,00 7.2 242,0 
LDGl 4658.1332 -720,7230 95.6174 ,06 7.1 239.1 
3684.8464 -104,2650 .04 7.1 236,4 
CR2 3161.9169 305.5301 -73.8760 .09 7.0 235.2 
3956.1188 -182,2114 .09 6.9 231.0 
PHT 7615.6326 -68,4434 0.2648 .09 7.0 236.1 
3947.1127 -5.2601 .05 7.0 235.6 
LA2 1747.7401 5.5351 -0.0046 .06 7.1 239.2 
4060,2034 -1,0022 .06 7.0 235.2 
SLW2 6706.2453 -19895.3255 29344.2921 .01 7.3 245.6 
3126.2276 644,2132 ,00 7.2 241.6 
SS40 18052.2701 -1616,5686 44,2999 .10 7.0 234.5 
3568.5159 -12,0953 ,00 7.2 241.7 
YDW) 8637.4133 -3.5647 0.0006 .01 7.3 245.6 
3924.5265 -0,2055 .01 7.2 240,9 
®The moan seed yield In narrow rows for 28 lines in maturity group 
3 was 3349 kg/ka. 
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Table $0, Regression analysis of yield In narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 4 cross AXW8, 1973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r2 CV^ VMSResid 
PM 22422.5491 -430.0913 2.3615 .10 9.9 327.1 
-3440.1185 64,2312 .10 9.7 319.3 
PMBB -39495.1006 1180.3023 -8.1143 .11 9.9 325.4 
271.4792 43.6228 .09 9.7 321.8 
LDGl 7214.8499 -2633.8384 428.3473 .22 9.2 303.9 
2391.1708 265,3304 .13 9.5 314.3 
CR2 3668.9326 -438.6971 90.0358 .09 10.0 329.1 
2432,5220 232.6367 .09 9.7 321.7 
PHT 10098,8534 -126.8703 0.5850 .07 10.1 332.2 
2950.8562 3.0607 .01 10,2 335.1 
LA2 887.0620 7.0350 -0.0051 .03 10.3 340,6 
3629.5887 -0.4544 .01 10.2 335.2 
SLW2 5631.6250 -10612.2521 11142.7078 .03 10.3 339.3 
4226,9235 -2681.4133 .03 10,0 331.2 
SS40 -12655.5718 1879.4005 -54.9667 .15 9.6 318.3 
3546.6232 -14.1197 .00 10.2 336.1 
YDltO -6028,0275 6,5361 -0.0011 .08 10.0 330.1 
1958.4233 0.4958 .06 9.9 325.6 
^Thtt aean seed yield in narrow rows for 23 lines in maturity group 
4 was 3301 kg/ha. 
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Table 51 Regression analysis of yield In narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines In maturity 
group 5 cross AX418, 1973 Bruner Farm. 
Regression Coefficient 
Ind Intercept Linear Quadratic R^ or r^ VMSResid 
PM -54216.3285 1043.1649 -4.7404 .01 15.2 476.1 
5705.1973 -22.8676 .01 14.4 452.0 
PMBB 113577.1162 -3040.9422 20.9098 .09 14.5 455.1 
1499.3290 22.1565 .01 14.4 450.6 
LDGl -3270.4900 2972.5132 -338.2694 .08 14.7 458.3 
1666.7072 379.5133 .08 13.9 435.4 
CR2 43579.9452 -21130.2074 2738.9717 .39 11.9 373.2 
1492.5581 405.4401 .08 13.9 436.2 
PHT 1561.4660 35.0073 -0.1782 .15 14.1 439.7 
4633.2387 -12.1078 .15 13.4 418.7 
LA2 -19398,3473 94.4732 -0.0684 .05 14.9 465.6 
3262.3417 -0.1959 .00 14.5 453.6 
SLW2 36964.0218 -199403.1767 292392.2245 .21 13.6 425.9 
5142.9353 -6102.5170 .09 13.8 431.8 
SS40 
-15103.4345 2055.0929 -57.0290 .17 14.0 436.8 
2595.5012 32,6167 .01 14.4 450.7 
YDW) -13509.2629 10.9769 -0.0018 .38 12.1 377.7 
318.3135 1.0102 .31 12.1 377.3 
®The mean seed yield in narrow rows for 12 lines in maturity group 
5 was 3128 kg/ha. 
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Table 52. Regression analysis of yield In narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the Independent variables of lines in maturity 
group 1 cross AX418, 1973 Llebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R or r^ GV5È® VMSResld 
PM 25843.9601 -536.2688 3.1186 .04 6.9 196,4 
1565.3907 14.2996 .03 6.7 189.7 
PMBB 20579.5252 -661.2436 6.1449 .06 6.8 193.6 
1690.0182 10.6019 .05 6.6 188.2 
LDGl 5176,8888 -1694.9286* 287.5419* .39 5.5 156.6 
3246,0898 -174.1016 .15 6,3 178.0 
GR2 3276,1136 -390.1022 84.2674 ,01 7.0 199.7 
2886.4947 -20.3556 ,00 6.8 192.7 
PHT 13830,6405 -241.8991 1.3208 .20 6.3 178.6 
2940.5950 -1.0720 .00 6.8 192.7 
LA2 -3364.9397 18.0570 -0.0129 .28 5.9 169.3 
2115.5802 1.1702 .17 6.2 175.9 
SLV2 11240.4995 -38404,8256 43495.5742 .14 6.5 185.6 
3548,1605 -1705.7544 .09 6.5 183.9 
SS40 1126.4533 149.7886 -3.1494 .06 6.8 194.5 
2395.3872 22.8129 .05 6.6 187.8 
Y1540 1018,8296 1.3430 -0,0002 .18 6.4 181.3 
2080.8432 0,3471 .17 6.2 175.4 
®The mean seed yield in narrow rows for 16 lines in maturity group 
1 was 2846 kg/^. 
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TaMe 53» Regression analysis of yield In narrow rows as the dependent 
variable and reproductive, cauiopy, plant, leaflet, and seed 
characters as the Independent variables of lines In maturity 
group 2 cross AXM8, 1973 Llebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r^ CV^ VMSResld 
FM -97364.5954 2075.9204 -10.7086 .27 5.4 170,5 
-375.1013 37.0680* ,22 5.4 171,5 
PMBB -34307.9697 1203.0397 -9.6369 .24 5.5 173.9 
976.7630 36.0147 .19 5.5 174,6 
LDGl 2525.4146 409.2852 -62.9297 .03 6,2 195.8 
3040.7879 39.7126 .20 6.1 191.7 
CR2 4254.9472 -857.7321 161.7616 .05 6.2 194.4 
3184.3775 -10.9347 .00 6,1 193.6 
PHT 504.9100 52.9533 -0.2607 .06 6,1 193.3 
2870.3637 2.9999 .03 6,0 190.9 
LA2 5906.8347 -9.0372 0.0074 .02 6,3 197.6 
3275.2343 -0.1967 .00 6,1 193.3 
SLW2 4103.8240 -4538.1098 5387,3549 ,00 6.3 199.1 
3278.3414 -314.1382 ,00 6,1 193.5 
SS40 7367.5931 -444.9531 11.6598 .03 6.2 196.4 
3021.4389 6.9102 .00 6,1 193.3 
YDW) 6198.9820 -2.8775 0,0007 .14 5.8 184,5 
2070.8641 0.4401 .13 5.7 180.2 
®The mean seed yield in narrow rows for 20 lines in maturity group 
2 was 3157 kg/ha. 
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Table $4, Regression analysis of yield in narrow rows as the dependent 
v&riatle and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 3 cross AX418, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R or r^ CV^®' ^MSResid 
PM 967790,7134 -18832.2032* 91.8768* .86 3.5 110,2 
8110,8207 -48.8804 .14 7.4 234.7 
PMBB 126112.9664 -3811.8991 29.5248 .15 8.5 269.2 
4818.2609 -25.9217 .04 7.9 248,6 
LDGl 25167.1667 -11962.7778 1613.8889 .57 6,0 191.5 
6303,2885 -913.8462 .56 5.3 167.4 
GR2 4055.1771 -870,4800 186.4470 .22 8.2 259.1 
2320,5176 274.1294 .21 7.1 225.6 
PHT 17815.3824 -281.5168 1.3397 .28 7.8 248,5 
2604,9939 5.0671 .04 7.8 247,8 
LA2 15294.8636 -42.0977 0.0363 .25 8.0 253.7 
2129,4173 1.7391 .14 7.4 234.8 
SLV2 -56646,2725 325707.7296 -442166.5994 .72 4.9 153.9 
5371.4069 -5876.5282 .27 6.9 216,9 
SS40 66369.3669 -6778.0903 181.5359 .17 8.4 266.1 
428.0845 144,7862 .15 7.4 233.8 
YDW) 72561.9626 -55.3171 0,0110 .48 6.7 211.5 
4344,6691 -0,4664 .06 7.8 245.7 
®The mean seed yield in narrow rows for 6 lines in maturity group 
3 was 3166 kg/Vva, 
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Table 55* Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, oanopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 4 cross AX418, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r^ VnSResid 
PM -200502.6673 3747.9428 -17.2337 .13 7.6 239.6 
7183,6709 -36.4693 .09 7.6 241.8 
PMBB -29007.2619 929.8747 -6.7036 .10 7.7 243.2 
3905.7579 -10.4314 .01 7.9 251.1 
LDGl 1734.0004 724.7801 -89.2359 .09 7.7 244.3 
2762.7156 108.4268 .07 7.7 244.6 
CR2 -1892.7189 2946,8203 -424,7964 .10 7.7 243,5 
2873.2566 83.4788 ,01 7.9 251.1 
PHT 4321,2987 -23.1316 0.1131 .02 8.0 254.5 
2941,7913 2.0024 .01 8.0 251.7 
LA2 8289.5986 -15.5378 0,0117 ,08 7.9 246.2 
3547.0446 -0.6057 .02 7.9 250.3 
SLV2 4297.1950 -7167.2420 11028.6534 .01 8.1 255.5 
2774.8860 1040.1668 .01 8.0 252.0 
SS40 5230,4198 -299.7738 10.1791 .16 7.5 235.7 
1946.1628 67.0246* .14 7.4 234.0 
YDW) -1856,0299 3,1296 -0,0005 .25 7.0 221.7 
1098.5129 0,7977** .25 6.9 219.3 
®The mean seed yield in narrow rows for 38 lines in maturity group 
4 was 3164 kg/ka. 
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Table 56. Regression analysis of yield in narrow rows as the dependent 
variable and reproduotive, canopy, jAant» leaflet, and seed 
characters as the Independent variables of lines in maturity 
group 5 cross AXM8, 1973 Llebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic R*" or r^ VMSResid 
PM -248129,782k 4387.5486 -19.1493 .18 9.1 286.1 
8970,0693 -50.7677 .10 9.3 291.2 
PMBB -12945.6636 44.5,1250 -3.0785 .00 10.0 314.6 
3047,8719 1,0962 .00 9.8 306.2 
LDGl 2873.6487 -69.0147 33.7899 .10 9.6 299.2 
2427.6227 179.3476 .10 9.3 291.1 
GR2 2^,74OO 1767.7787 -247.7865 .04 9.9 308.3 
3101,9649 6.9732 .00 9.8 306.2 
PHT -312.7939 56.4158 -0.2288 .02 10.0 312.4 
3140,6078 -0.1058 .00 9.8 306.2 
LA2 10310,3872 -21.7788 0.0164 .04 9.9 309.3 
3662.8904 -0,8494 .02 9.7 303.5 
SLW2 -45188,8873 260780.3692 -350833.3516 .17 9.2 287.7 
3329.6780 -545.9563 .00 9.8 306.0 
SS40 -26335.3267 3355.5724* -94.9800* .28 8.6 267.9 
3684.5326 -31.9356 .02 9.7 302.9 
YD40 -8047.2615 7.8031 -0.0013 .19 9.0 283.1 
1237.6183 0.7283 .16 8.9 279.9 
®The mean seed yield in narrow rows for 20 lines in maturity group 
5 was 3129 kg/4ia. 
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Table 57. Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
oharaoters as the independent vaxialxLes of lines in maturity 
group 1 cross AX419, 1973 Bmner Farm. 
Regression Coefficient 
Ind Intercept Linear Quadratic R2 or r^ CV^ VMSResid 
PM -35205.4012 881,7077 -5.0054 .05 7.8 276.2 
7311.5840 -41,0378 .05 7,6 266.3 
PMBB 32259.3566 -950.5629 7.8496 ,06 7.8 275.5 
3997.4530 -7.7682 .00 7.7 272.5 
LDGl 2690,6468 827.6626 -182.0368 ,12 7.5 265.8 
3790.6042 -98.5340 ,06 7.5 264.8 
CR2 2393.7272 922.8710 -174,7423 .12 7.6 266.1 
3856.6358 -108.2113 ,06 7.5 265.3 
PHT -9492.7360 266.2583 -1,3483 .33 6.6 232,4 
4669.8189 -11,2211 .16 7.1 250,3 
LA2 -667.3382 12.4694 -0,0091 ,06 7.8 274.3 
4129.0337 —0,8266 ,04 7.6 267,9 
SLW2 18646,9573 -85414.9893* 119900,0374* .22 7.1 249.8 
3727.1928 -579.2022 ,00 7.7 272.7 
ssko -6399.8046 1102.5536 -30.3788 ,09 7.7 270.1 
2893.9429 36.5312 ,04 7.6 267.2 
YD40 -13964,1348 12.2959** -0,0021* ,64 4.8 169.4 
1481.1324 0,7427** .40 6.0 210,9 
^me mean seed yield in narrow rows for 16 lines in maturity group 
1 was 3525 kg/ha. 
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Tatle 58, Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the Independent variables of lines in maturity 
group 2 cross AXM9» 1973 Bruner Farm. 
Regression Coefficient 
Ind Intercept Linear Quadratic R^ or r^ 1
 1 
PM -169245.1841 3504.8987 -17.7685 .03 9.1 324.6 
-345.1518 39.8249 .03 9.0 319.9 
H4BB 4178.3152 -52.5605 0.6867 .04 9.1 323.8 
1557.3990 32.3278 .04 8.9 317.8 
LDGl 5435.4009 -1289.4589 215.8809 .05 9.1 322.7 
3666.8013 -36.0578 .00 9.1 323.6 
CR2 4624,2886 -650.4463 97.4710 .00 9.3 329.8 
3549.55^ 2.6492 .00 9.1 324.1 
PHT -9040.8101 229.4970 -1.0386 .12 8.7 309.6 
4232.4398 -6.0314 .03 9.0 319.6 
LA2 -8797.2560 33.8797 -0.0231 .07 8.9 317.8 
3259.5921 0.4152 .01 9.1 323.1 
SLW2 1664.3780 7806.7058 -6456.0608 .05 9.1 322.6 
2360.9343 3557.4354 .05 8.9 316.6 
3340 -3950.8294 835.4920 -23.0017 .10 8.8 313.4 
2715.9270 48.5322 .07 8.8 313.3 
YD40 -1510.5315 2.8688 -0.0004 .14 8.6 306.6 
1840.0401 0.5893 .13 8.5 301.5 
®The mean seed yield in narrow rows for 29 lines in maturity group 
2 was 3558 kg/ka. 
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Table 59» Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 3 cross AX419, 1973 Bruner Far*. 
Regression Coefficient 
Ind Intercept Linear Quadratic r2 or r^ CV^ VMSResld 
m -955995.0083 18855.9643* -92.6317* .23 8.3 281,0 
7134.8212 -37.0018 .04 9.1 306.7 
PMBB -27035.6899 904.5298 -6,7069 .23 8.3 280,7 
225.7379 48.5615* .18 8.4 283,3 
LDGl 2840.3529 137.2884 14.7913 .14 8.8 296.3 
2720.3991 222.8606 .14 8.6 288,8 
GR2 IIW6.2954 -4684.4870 670.4607 .11 9.0 302.1 
3548.5652 -53.5744 .00 9.3 311.5 
PHT 8035.0155 -97.3452 0.4951 ,19 8.6 288,4 
1477.2556 16.8952 .17 8.4 284.2 
LA2 6116.6790 -5.8921 0,0029 .11 9.0 302.7 
4575.8130 —1.6626 .11 8.8 295.4 
3LW2 -2373.7456 22654.2996 -16398.1376 .38 7,5 252,9 
-464.7092 11449.5383** .38 7.3 246,5 
SS40 -594,8986 353.5634 -7,0630 .30 8.0 268,0 
1415.1450 114.4162** .30 7.8 261,8 
YD40 -37048.1213 26.5350** -0.0043** ,46 7,0 236,0 
1199.6707 0.7331* .20 8.3 279,2 
®The mean seed yield in narrow rows for 22 lines in maturity group 
3 was 3366 kg/ha. 
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Table 60. Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy* plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 4 cross AX419, I973 Bruner Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic or r^ CV^ VMSRoBld 
PM -145758.5407 2822.0122 -13.3473 .05 8.7 292,2 
7426.3175 -38.0484 .04 8.4 282.7 
PMBB -56246.0917 1748.6682 -12,8188 .00 8.9 298,7 
3076.4684 4.2693 ,00 8.6 288,4 
LDd 2531-6396 371.0766 -31.4442 .09 8.5 285.2 
2847.6644 169.2014 .09 8,2 275.0 
CR2 7497.7189 -2424,4576 350.9271 .05 8.7 291.7 
2892.6043 130,3241 .03 8,4 284,1 
PHT 2171.1965 17.1224 -0,0587 .01 8,8 297,5 
3137.2513 1.9331 .01 8,5 287,2 
LA2 -4747.1716 22.1032 -0,0149 .13 8.3 279.5 
3029.5179 0.4686 .01 8.5 286,4 
SLV2 -25180,9173 175759.5000 -269769.4603 .10 8,4 283.9 
4469.3018 -3320,2311 .04 8,4 282.8 
SS40 -20716.3800 2672.7638 -73.7508 .32 7.3 246.0 
1006,7655 137.6057 .22 7.6 254.4 
YD40 -3254.1790 3.9059 -0,0006 .38 7.0 235.3 
1663.8439 0.5990* .33 7.0 235.4 
M'he mean seed yield in narrow rows for 16 lines in maturity group 
4 was 3366 kg/k&. 
153 
Table 61, Regreaelon analysis of yield In narrow rows as the dependent 
variable and reproductive, canopy, ^ant, leaflet, and seed 
charaaters as the independent variables of lines in maturity 
group 5 cross AX'flÇ, 1973 Bruner Farm, 
Regression Coefficient 
lad Intercept Linear Quadratic r2 or r2 CV55® 1
 
S 
PM 402135.2178 -7256.4371 33.0119 .21 10.4 366.8 
-12121.7043 140.0405 .20 10.1 358.7 
PMBB 851348.4073 -23620.8360* 164.4728* .33 9.6 338.1 
2277.4026 17.5314 .00 11.3 399.3 
LDd 
-533.7725 2122.1791 -265.9831 .11 11.1 391.7 
2663.3117 262.7509 .08 10.8 383.0 
CR2 11362.2082 -4135.5483 541.8841 .05 11.4 403.2 
2987.8867 140.4494 .02 11.2 396.8 
PHT 23743.8583 -313.1747 1.2043 .28 10,0 352.4 
2451.2672 8.7732 .05 11.0 390.0 
LA2 30850,6699 -78.3916 0.0559 .10 11.1 391.8 
3670.0574 -0,1860 .00 11.3 399.9 
5LV2 -47604.5787 308499.5770 -464040.8032 .14 10.8 383.4 
3149.5230 1171.2961 .00 11.3 399.4 
SS40 17098.2388 -1667.8257 50.8260 .19 10.5 372.6 
2742.6865 47.8243 .04 11.1 392.3 
YD40 -13126.9460 10.5142 -0.0001 .25 10.1 358.9 
1296.1380 0.7644 .20 10.1 357.0 
®The mean seed yield in narrow rows for 1? lines in maturity group 
5 was 3538 kg/ha. 
15^ 
TaMe 62, Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 1 cross AX419» 1973 Liebo Farm, 
Regression Coefficient . _ 
Ind Intercept Linear %iadratic or r^ GV^ ^^Resid 
m 488073.6299 -9939.7433 50.9383 .29 6.2 204.2 
8580.9416 -54,6262 .14 6.3 205.5 
PMBB 33684,0568 -994.1495 8.1144 .13 6,8 225.3 
4873.5123 -26,5802 .07 6.5 212.9 
LDGl 3683.3629 -381.1792 82.0758 .04 7.3 237.7 
3166,4105 44,4753 .02 6.6 218.7 
CR2 3594.9079 -310,0476 65.6737 ,06 7.2 235.2 
3096,8363 62,1004 .05 6.6 215.9 
PHT -20024.4131 493.0623 -2.5953 .44 5.5 180.8 
2655.3171 6.5876 .05 6.6 215.1 
LA2 -4270.6893 24,1440 -0.0190 .56 4.9 160,9 
1923.4517 2,3606 .40 5.2 171.7 
SLV2 12711.5442 -50900.4272 68375.2335 .05 7.2 235.9 
3056.9505 581,8840 .00 6.7 220.5 
SS40 20347.9017 -1837,0829 49.0945 .25 6.4 209.4 
4158.0840 -49.3133 .11 6.4 208.7 
YD&X) -16423.2258 14,0236 -0.0025 .61 4.6 151.5 
950,9784 0,8676* .53 4.6 151.6 
®The mean seed yield in narrow rows for 8 lines in maturity group 1 
was 3275 kg/ka. 
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Table 63. Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the Independent variables of lines in maturity 
group 2 cross AX419, I973 Liebo Farm. 
Regression Coefficient 
Ind Intercept Linear Quadratic TT or r2 VMSResid 
PH 62154.9324 -1194.3654 6.0444 .05 6.9 221.3 
-179.4859 33.3247 .05 6.6 212.1 
ÏWBB -49994.9894 1704.1848 -13.6343 .08 6.8 217.8 
2297.7935 14.5867 .02 6.7 215.3 
LDGl 5004.6097 -1413.7719* 257.2092* .43 5.4 171.9 
2903.6724 98.2543 .10 6.4 205.4 
CR2 4371.6309 -808.0511 133.9649 .06 6.9 219.8 
3152.8353 16.7695 .00 6.8 217.1 
PHT -237.0404 61.4345 -0.2699 .05 6.9 221.1 
2743.3277 4.4724 .04 6.6 212.6 
LA2 7223.0817 -12.7985 0.0101 .06 6.9 220.3 
3539.0424 -0.5561 .03 6.7 214.3 
SLV2 -16537.8806 103650.6424 735418.1316 .11 6.7 214.0 
1649.0295 4311,0470 .09 6.5 207.1 
SS40 14912.5063 -1291.8184 35.3535 .15 6.5 208.8 
2879.8747 17.9309 .02 6.7 215.1 
YD40 -2414.9607 4.0015 -0,0007 .04 6.9 222.3 
2614.9106 0.2217 .04 6.7 213.5 
®The mean seed yield in narrow rows for 14 lines in maturity group 
2 was 3207 kg/Ka, 
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Tatle 64, Regression analysis of yield In narrow rows eis the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the Independent varlatlea of lines In maturity 
group 3 cross AX419» 1973 Liebo Pars, 
Regrasslon Coefficient 
Ind Intercept linear Quadratic or r^ vMSResld 
FN -365149.5521 6996.6327 -33.2074 .08 9.2 300.3 
8617.6361 -50.0218 .04 9.0 296.2 
pmbb 4225,3299 -85,4966 1.0762 .15 8.8 289.1 
-457.2876 56.5392 .15 8.5 279.9 
LSGl 3316.9887 -29.9515 5.3374 .00 9.5 312.9 
3255.3980 6.9001 .00 9.2 303.0 
GR2 5199.9467 -1136.5297 165.1085 .02 9.4 309.4 
3353.1417 -20.8302 .00 9.2 302.8 
PHT -1161.9385 73.0293 -0.2959 .04 9.4 306.9 
2647.6106 5.6712 .03 9.1 298.5 
LA2 -17398.0786 70.0560 -0.0591 .14 8.8 290.1 
1764,6710 2,6434 .10 8.7 287.0 
SLV2 -1196.8433 17573.3797 -14499.2108 .19 8.6 281.3 
778.5043 6856.0546 .19 8.3 272.5 
SS40 442.2671 300.6216 -7.8139 .05 9.3 305.0 
2699.4173 33.5073 .04 9.0 296,2 
YDkO 1541.4160 0.4043 0.0001 .40 7.4 241.8 
903.6299 0.8906** .40 7.1 234.2 
®Tha mean seed yield In narrow rows for 18 lines In maturity group 
3 vas 3281 kg/k&. 
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table 65, regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
characters as the independent variables of lines in maturity 
group 4 cross ax419» 1973 liebo fkrm, 
regression coefficient 
ind intercept linear quadratic R2 or r2 cv^ vmsresld 
ph 
-214191.9466 3954.2010 -17.9777 .01 10.3 330.0 
5211.8793 -18.2052 .01 10.2 325.9 
pmbb 26791.9845 -722.6953 6.2522 .26 8.9 284.9 
-1475.4865 68,6698** .25 8.8 282,9 
ldgl 3065.1878 13.2003 8.1937 .02 10.3 329.0 
2982.1096 66.5443 .02 10.1 323,7 
cr2 725.5568 1755.8512 -297.1541 .10 9.9 315,9 
3687.9237 -143,7600 .05 10.0 319,2 
pht 2606.8538 3.9572 0.0110 .06 10.0 321.6 
2457.4373 6.5346 .06 9.9 316.4 
la2 4667.5042 -1.8992 -0.0010 .21 9.2 295,8 
5010.2117 -3.0553** .21 9.1 291,0 
slv2 11195.5990 -45063.9668 63205,1756 .09 9.9 317,4 
2323.7061 2409,9345 .03 10.0 321,3 
ss<k) 379.6407 230.7461 -3.9084 .18 9.4 301,1 
1584.3623 93.0426* .18 9.2 296,3 
yduo 360.6431 1.3699 -0.0001 .20 9.2 296,5 
1126,9302 0.7919** .20 9.1 291,7 
®The mean seed yield in narrow rows for 33 lines in maturity group 
k was 3207 kg/ha. 
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Table 66, Regression analysis of yield in narrow rows as the dependent 
variable and reproductive, canopy, plant, leaflet, and seed 
eharaeters as the independent variables of lines in maturity 
group 5 cross AX419, 1973 Liebo Farm, 
Regression Coefficient 
Ind Intercept Linear Quadratic r2 or r2 CV^ VMSResid 
PM 288237.7175 -4931.2114 21.3304 .03 9.6 316.2 
7358,9738 -35.4818 ,02 9.5 311.6 
FMBB -77492.0427 2311.7632 -16.5232 .09 9.4 307.7 
3710,8902 -6.0559 .00 9.6 315.0 
LDGl 3264.6938 -23.1718 7.4829 .00 9.8 321.4 
3178.0814 28,4870 .00 9.6 314.9 
CR2 3113.1640 164,0313 -31.7862 .01 9.8 320,8 
3454.9338 -47.3236 .01 9.6 314.5 
PHT 5731.5711 -41.5907 0.1739 .06 9.5 312.5 
2801,3975 3.9217 .04 9,4 309.7 
LA2 10469.3128 -26.6473 0.0245 .07 9.5 310.5 
2225.1244 1.8545 .05 9,4 307.1 
SLV2 4959,7237 -15057.1989 29130.1172 .21 8.7 286.7 
1163.8601 6022.6584* ,20 8.6 281,9 
SS40 -116,0405 322.8884 -7.1021 .15 9.0 296.3 
1839.9051 86.3750* .15 8.9 290.C 
YDUO 6914,7914 -3,6153 0,0008 .34 8.0 262,2 
570,8365 1.0115** .32 7.9 260,1 
®The mean seed yield in narrow rows for 2? lines in maturity group 
5 was 3283 kg/ka. 
